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This  dissertation  is  dedicated  to  the  first  professionally 
trained  plant  pathologist  that  I ever  knew,  Dr.  Keeper  L.  Callahan,  my 
advisor  during  ny  undergraduate  education  at  Greensboro  College, 
Greensboro,  NC.  Dr.  Callahan  provided  a superior  environnent  for  the 
education  of  a biologist  through  his  knowledge  in  areas  as  diverse  as 
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by  biology  majors,  never  nade  things  easy  because  to  survive  in  his 
courses  you  had  to  think!  infornation  was  never  spoon-fed.  Laboratory 
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a protectant  fungicide  (chlorothalonil). 


microscopy  was  utilised  to  observe  late  leafspot  leeions  on  field- 
produced  leaflets  for  potential  differences  in  number  and  sise  of 

The  levels  of  LLS  and  the  rate  of  progress  of  late  leafspot  were 

equivalent  treatment  in  Florunner.  Fungicide  applications  reduced  the 
rate  of  late  leafspot  increase  in  all  genotypes,  but  especially  in 
Florunner.  Yield  in  nonsprayed  Southern  Runner  and  OF  81206  was 
greater  than  that  in  nonsprayed  Florunner.  When  the  fungioide 
application  interval  was  shortened  from  19  days  to  9 days,  a 
significant  yield  increase  occurred  in  Florunner,  but  not  in  Southern 
Runner.  Fungicide  applications  did  not  increase  yield  of  OF  81206. 

Lesion  sise,  latent  period,  and  sporulation  were  reduced  in 
Southern  Runner  and  OF  81206  when  conpared  to  Florunner.  In 
observations  with  fluorescent  nicroscopy,  conidiophore  stromata  of  C. 
persona tuo  on  Southern  Runner  and  OF  81206  were  soaller  than  those  on 

Southern  Runner  and  OF  81206  exhibited  "s low-leaf spotting" 
resistance  through  reduced  late  leafspot  lesion  sise,  sporulation,  and 
lengthened  latent  periods.  These  genotypes  have  a yield  potential 
competitive  with  Florunner. 


CHAPTER  I 
LITERATURE  REVIEW 


Disease  and  pathogen  description.  The  separation  of  the  two 
Xeafspot  diseases  of  peanut  (Arachis  hypogaea  L.)  by  Woodroof  (112)  in 
1933  signaled  the  beginning  of  the  period  when  early  and  late  leafspot 
became  widely  recognised  as  major  diseases.  In  this  classic  paper, 
Woodroof  outlined  the  differences  in  the  signs  and  symptoms  associated 
with  the  pathogens  and  the  diseases.  The  early  leafspot  pathogen 
still  retains  the  designation  used  by  Woodruff,  that  being  Cercospora 
arachidicola  Hori.  The  designation  of  the  pathogen  of  late  leafspot 
has  gone  through  several  name  changes  (66,  67,  78).  The  pathogen 
involved  in  the  late  leafspot  of  peanut  is  currently  known  as  Cerco- 
sporldiua  personatum  (Berk.  A Curt.)  Deighton.  Major  differences  be- 
tween the  two  pathogens  are  that  C.  personatum  produces  haustoria 
while  C.  arachidicola  produces  only  intracellular  and  intercellular 
mycelium;  conidiophores  of  C.  personatum  occur  mainly  on  the  abaxial 
leaf  surface  while  with  C.  arachidicola  they  are  mostly  adaxial  (112). 
The  conidia  also  differ  in  sise,  measuring  18-60  x 5.4-10.8  um  for  C. 
personatum  and  37.8-108.0  X 2. 7-5. 4 um  for  Carachldlcola  (112). 
Teleomorphic  states  of  C.  arachidicola  and  C.  personatum  were  de- 
signated and  described  by 


(now  known  as  Myoosohaerella  arachldis  Deighton)  (78)  and 
Mvcosohaerella  berkalevl.  respectively  (35,  36,  66,  67).  the  early 
leafspot  pathogen  was  more  easily  cultured  on  synthetic  media  than  the 
late  leafspot  pathogen.  Success  in  culturing  of  C.  arachldicola  on 
synthetic  media  has  been  advanced  by  recent  workers  (49,  91,  98). 

Jenkins  stated  that  both  diseases  occurred  on  all  above  ground 
parts  of  the  plant  and  that  the  pathogens  penetrated  through  the 
stomata  of  both  leaf  surfaces  as  well  as  directly  through  the  lateral 
faces  of  epidermal  cells  (21,  35).  Jenkins  also  reported  that  early 
symptoms  of  the  two  leafspot  diseases  were  indistinguishable  but  later 


bright  yellow  halo  (present  in  early  stages  of  symptom  development 
with  early  leafspot,  absent  in  symptoms  of  late  leafspot),  the 
coloration  of  the  lesions  on  the  abaxial  leaf  surface  (brown  to  tan 
for  early  leafspot  and  from  dark  brown  to  black  for  late  leafspot), 
and  the  fact  that  sporulation  of  C.  nersonatum  was  confined  almost 
entirely  to  the  lower  leaf  surface  (35).  The  presence  of  a yellow 
halo  around  lesions  to  differeniate  between  early  and  late  leafspot  is 
a misleading  characteristic  because  host  genotype  and  environment 
affect  the  formation  of  a halo  (79).  Coloration  of  the  lesion  on  the 
abaxial  leaf  surface  has  also  been  found  to  be  an  unreliable  method  of 
differentiation,  particularly  in  peanut  genotypes  that  show  resistance 
to  peanut  leafspot  (includes  both  early  and  late  leafspot).  The  only 
reliable  method  to  differeniate  between  the  two  peanut  leafspot 
pathogens  on  different  peanut  genotypes  is  by  examination  of  the 
fruiting  structures  and  oonidia  after  incubation  of  diseased  leaves  to 
Induce  sporulation  (100).  Identification  of  the  pathogen 


is  important  to  peanut  growers  because  C.  personatum  induces 
defoliation  at  a more  rapid  rate  than  C.  arachldicola  (79)- 
f Differentiation  of  the  pathogens  is  important  in  screening  peanut 
genotypes  because  resistance  to  the  two  diseases  is  inherited 
independently  (29,  64*  100). 

Other  workers  (21,  40),  havedisagreed  with  Jenkins's(35) 
conclusions  that  direct  penetration  is  the  principal  node  of  entry  or 
the  early  and  late  leafspot  pathogens.  Most  penetrations  occurred 
through  stomata  on  the  upper  leaf  surface  (21,  40).  In  another 
study,  when  both  leaf  surfaces  were  sprayed  with  a oonldial  suspension 
of  C.  personatum.  the  abaxial  leaf  surface  was  found  to  retain  more 
conldia  but  did  not  differ  from  the  adaxial  in  the  number  of  lesions 
formed  (13).  Conidia  of  C.  arachldicola  were  found  to  germinate  best 
when  exposed  to  20C  and  100X  relative  humidity  (72).  Evaluation  of 
conidial  germination  on  the  peanut  leaf  6urfaoe  revealed  that  95  to 
99X  of  conidia  germinated  within  48  hr  when  subjected  to  favorable 
environmental  conditions  (1).  Lower  relative  humidities 
significantly  reduced  conidial  germination  of  this  fungus,  but 
secondary  conidia  were  produced  when  conditions  for  conidial 
germination  were  suboptimal  (72).  Conditions  of  high  relative 
humidity  for  periods  greater  than  24  hr  favor  the  development  of 
peanut  leafspot  (79). 

Distribution.  Peanut  leafspot  occurs  wherever  peanuts  are  grown 
commercially  but  the  distribution  of  the  two  pathogens  is  varied 
(21).  Hemingway  (29)  found  that  C.  personatum  was  the  more  devastating 
pathogen  when  the  two  pathogens  occur  together.  In  Florida  the  predom- 
inant disease  was  demonstrated  to  be  late  leafspot  (33)  but  the 


presence  of  early  leafspot,  particularly  early  in  the  growing  aeaaon, 
has  been  docuaented  as  well  (25,  88,  89).  In  a study  of  peanut 

effect  on  susceptibility,  implicating  other  factors  as  determinants  of 
the  appearance  of  the  two  pathogens  (79)*  Older  leaves  had  more 
lesions  of  late  leafspot  than  younger  leaves  on  the  same  plant  but 
this  effect  was  confounded  by  differences  in  leaf  sise  (15).  In 
contrast,  a decrease  in  the  pod  load,  by  the  removal  of  flower  buds, 
reduced  peanut  leafspot  severity  dramatically  in  two  of  three  suscep- 
tible cultivars,  indicating  a relationship  between  the  yield  potential 
and  susceptibility  of  a cultivar  to  peanut  leafspot  (62). 

C.  arachidlcola  conidia  were  also  found  in  the  air  at  the  onset  of 
rainfall  (93).  A large  difference  in  spore  production  between  the  two 

buted  a greater  rate  of  increase  in  late  leafspot  incidence  to  the 

production  than  for  lesions  of  early  leafspot  (29). 

Epidemiology.  Peanut  leafspot  disease  progress  has  been  moni- 
tored (59,  64,  70,  76,  77).  The  implementation  of  the  logistic  trans- 
formation (106)  showed  the  rate  of  peanut  leafspot  progress  in  non- 
sprayed  plots  was  extremely  fast  for  a leafspotting  fungus  (77,  106). 

(106)  inadequate  to  identify  resistant  genotypes  when  differences  in 


ful  in  the  comparison  of  epidemics  of  peanut  leafspot  (76).  Other 
transformations,  such  as  the  Gompertz  (7,  62),  have  not  been  imple- 
mented in  the  study  of  peanut  leafspot,  nor  has  the  spread  of  the 
disease  been  studied  in  detail. 

!,  Disease  management.  A major  method  of  controlling  peanut  leafspot 
worldwide  is  the  application  of  fungicides  (44,  46,  61,  83,  95). 
Fungicides  have  been  recommended  for  use  in  the  southeastern  United 
States  for  many  years  (113).  The  annual  coot  of  managing  foliar 
diseases  of  peanuts  with  fungicides  in  Georgia  alone  is  estimated  at 
S20  million  (95).  Many  researchers  have  attempted  to  increase  the 
benefit  of  applications  and  efficacy  of  fungicide  through  the  use  of 
prediction  systems  (5,  37,  38,  42,  75,  94).  The  prediction  systems 
in  use  are  based  on  the  work  of  Jensen  and  Boyle  (37)  who  showed  that 
' relative  humidity  and  temperature  affected  the  amount  of  peanut  leaf- 
spot  seen  in  the  field.  They  developed  a set  of  curves  to  show  the 
conditions  necessary  for  increases  in  infection  by  the  peanut  leafspot 
pathogens  (37).  This  system  was  computerized  (75)  and  shown  to  be  a 
sound  method  for  the  efficent  use  of  timing  the  application  of  fungi- 
cides in  some  locations  in  the  southeastern  United  States  (94).  In 
fact,  when  net  return  to  the  grower  who  based  his  fungioide  appli- 
cations on  a predictive  advisory  system  was  compared  with  return  to 
the  grower  maintaining  a fixed  14  day  spray  schedule,  the  former 
gained  $192.55  to  $220.57/ha  from  yield  increases  and  decreased  con- 
trol costs  (38).  The  application  of  fungicides  according  to  such 


peanut  leafspot. 

I Although  fungicides  are  expensive,  they  have  significantly 
increased  yields  of  peanut  seed  (25,  61)  and  yield  and  quality  of 
forage  (14).  . fungicides  used  in  peanut  production  were  at  first 
formulated  as  dusts  which  are  efficacious  but  less  so  than 
formulations  currently  available  (61,  113).  Fungicides  vary  in  their 
efficacy,  but  it  has  been  shown  that  the  level  of  disease  pressure 
dictates  which  fungicides  are  appropriate  for  adequate  disease  control 


Studies  involving  the  effect  of  fungicides  on  early  or  late 
leafspot  have  concentrated  on  assessments  of  disease  late  in  the 
growing  season,  with  less  data  available  on  the  effect  of  fungicides 
on  the  progress  of  epidemics  of  poanut  leafspot  throughout  the  growing 
season.  In  general,  the  application  of  fungicides  is  thought  to  slow 
the  rate  of  disease  progress  (6,  20).  In  one  study,  Plaut  and  Berger 
(77)  found  that  the  primary  effect  of  the  fungicide  applications  was 
in  the  reduction  of  initial  disease  (77).  However,  Smith  and  Crosby 
(92)  reported  that  the  rate  of  defoliation  was  decreased  by  the  appli- 
cation of  a fungicide  to  control  peanut  leafspot. 

One  fungicide  registered  for  control  of  peanut  leafspot  has  fallen 
into  disuse  because  of  the  prevalence  of  a tolerant  populations  of 
both  peanut  leafspot  pathogens  (12,  50).  This  fungicide,  benomyl 
(available  as  Benlate,  DuPont,  Wilmington,  Del.),  is  still  used  in 
combination  with  other  fungicides  in  some  areas  (38,  44).  The  rapid 


fungicide 


C.  arachidicola  and  C. 
a management  of  peanut 


diversity  within  the  populations  of  the 

leafspot;  for  instance, 
anount  of  peanut  leafspot  in  commercial  fields  (43).  Early  planting  is 
another  iaportant  aanagenent  tool  (103).  Research  has  also  been  done 
on  the  control  of  late  leafspot  with  the  nycoparasito  Hansfordia 
oulvlnata  (63). 


Physiology.  The  effects  of  peanut  leafspot  on  physiological  pro- 
cesses of  the  plant  have  been  investigated  to  a small  degree.  The 
photosynthetic  capacity  of  leaves  with  symptoms  of  peanut  leafspot  is 
greatly  reduced  (97).  Swamy  (104)  found  increased  respiration  in 


varieties  that  varied  in  susceptiblility.  The  less  susceptible  varie- 
ty achieved  higher  respiration  rates  faster  than  the  more  susceptible 
variety.  This  more  rapid  increase  in  respiration  was  accompanied  by 
early  yellowing  and  abscission  of  the  leaves  of  the  less  susceptible 
variety,  leading  the  author  to  conclude  that  the  abscission  resulted 


disease  incidence  (104).  Evidence  for  the  production  of  cellulolytic 
and  pectolytic  enzymes  (3)  in  G.  arachidicola  agrees  with  the  fact 
that  this  pathogen  kills  host  tissue  in  advance  of  mycelial 


leaves  of  diseased  plants.  Cercosporin  has  been  found  in  other 


plants  only 


when  they  are  exposed  to  light  (IS)-  Isolates  of  C. 


arachidlcola  and  C.  persona  tup  that  do  not 
still  pathogenic  to  peanuts  (2).  However,  t 
possibility  that  cercosporin  is  involved 
araohidlcola  and  C.  per3onatue. 

Defoliation.  Measurements  of  the  loss 


significant  positive  correlation  between  th< 
on  a leaf  and  the  amount  of  chlorophyll  loss 
that  peanut  leafspot  limits  photosynthetic  a: 


in  the  pathogenesis  of  C. 

in  photosynthetic  area  due 
t.  Melouk  (57)  reported  a 
i early  leafspot  severity 
This  relationship  shows 


phyll  as  well  as  enhancing  leaf  senescence  (13). 

been  significantly  and  negatively  correlated  to  seed  and  forage  yield 
(14).  Peanut  leafspot  reduces  the  leaf  area  index  (LAI)  of  peanut 
crops  (10,  16,  76,  105).  Elston  et  al.  (16)  measured  the  LAI  of  a 


rs  after  planting  (DAP)  regardless  of  the  peanut  leafspot 


after  which  LAI  decreased  to  1.7  at  138  DAP,  the  date  of  harvest  (56). 

'Other  researchers  have  demonstrated  that  protection  of  the  peanut 
plant  with  applications  of  fungicides  results  in  the  elimination  of 
this  drop  in  LAI  (76,  105).  Computer  simulation  of  LAI  values  for  the 
peanut  cultivar  Florunner  throughout  the  growing  season  in  "no 
disease"  and  "+  Cercospora"  environments  included  this  difference  in 


rates  of  decline  (9)*  It  should  be  c 


Leafspot  diseases  limit  canopy  photosynthesis  in  peanuts  by 
reducing  the  LAI  (11)'  Photosynthetic  rates  of  single  leaves  were 
reduced  in  proportion  to  the  peanut  leafspot  severity  on  the  leaves, 
according  to  Chahal  and  Sandhu  (11)  and  Boote  et  al.  (10).  The 
canopy  region  in  which  defoliation  occurred  was  important  because  the 
majority  of  the  light  interception  by  the  canopy  occurred  in  the  top 
portion  (10).  Further,  leaves  in  the  top  canopy  portion  were  more 

Henning  et  al.  (30)  reported  a decrease  in  photosynthetic  rate 
regardless  of  leaf  position  during  the  period  of  pod  fill. 

Artificial  defoliation  imposed  at  the  beginning  of  the  pod  fill 
period  affected  final  yield  more  than  than  similar  treatments  imposed 
earlier  or  later  in  the  season  (10).  Artificial  defoliation  during 
the  vegetative  stage  of  growth  was  partially  compensated  for  by  leaf 
replacement.  Increases  in  LAI  in  defoliated  canopies  were  of  similar 
magnitude  to  those  observed  in  non-defoliated  canopies,  indicating 
that  no  stimulation  of  leaf  growth  had  occurred  as  a result  of 
defoliation.  Leaves  remained  on  artifioally  defoliated  plants  for 
longer  periods  of  time,  but  increased  leaf  retention  did  not  result  in 
light  interception  area  equal  to  that  in  non-defoliated  plants  (39). 
The  relationship  of  artifical  defoliation  treatments  to  defoliation 
caused  by  peanut  leafspot  is  not  clearly  defined,  but  fruit  growth 
rate  of  artifioally  defoliated  peanuts  was  greater  than  that  of 
peanuts  infected  with  the  peanut  leafspot  pathogens  (10). 


yield  potential  of  peanuts  by  reducing  the  number  of  pegs  in 
susceptible  cultivars  (58).  Inoculation  of  one  month  old  plants  with 
C.  araohiaicola  resulted  in  leaflet  defoliation  of  30X  or  more  and  two 
months  later,  dry  root  mass  was  found  to  be  reduced  from  37  to  52X, 
depending  on  the  culitvar.  Numbers  of  pegs  formed  on  the  inoculated 
plants  were  51  to  93X  less  than  on  uninoculated  controls  and  root 
nodulation  was  also  signifioantly  decreased  by  23  to  46X  (58). 

Resistance  to  early  and  late  leafsoot.  Resistance  to  both  early 

60,  101).  Chahal  and  Sandhu  tested  58  varieties  of  peanut  for  peanut 
leafapot  resistance  by  field  inoculations  and  reported  that  bunch 
plant  types  were  more  susceptible  than  spreading  and  semi-spreading 
types  with  the  exoeption  of  Tif ton  1108  (11).  When  Tifton  1108  and 
several  plant  introductions  were  tested,  increased  levels  of  early 
leafspot  resistance  were  noted  in  several  plant  introductions,  espe- 
cially PI  109839  (96).  Hassan  and  Beute  (28)  suggested  the  use  of  NC 
3033 , NC  5,  and  AC  3139  for  use  in  a breeding  program  to  incorporate 
o early  leafspot.  Further  evaluation  of  the  above-men- 
lines  along  with  other  plant  introductions  and  Arachis  species 

, and  NC  3033  were  acceptable  as  gornplasm  sources  for  resist- 
•o  early  leafspot  (20).  However,  PI  270806  and  NC  3033  were 


susceptible  to  early  leafspot  in  experiments  performed  in  Malawi 
(103). 


it  plant  typeB  are  low  yielding 
and  late  maturing  (22,  96).  The  incorporation  of  peanut  leafspot 
resistance  and  desirable  agronomic  and  quality  traits  into  a single 

yields.  A later  maturity  was  found  for  these  late  leafspot  resistant 
genotypes,  a trend  seen  in  other  plant  species  showing  rate-reducing 
(51). 


Some  Arachis  species  other  than  A.  hvpogaea  have  resistance  to 
the  peanut  leafspots.  High  levels  of  resistance  to  early  and  late 
leafspot  were  found  in  A.  ohaooenae  and  A.  cardenasii.  respectively. 
Both  species  are  cross-compatible  with  A.  hvpogaea  (l).  Progeny  of  A. 
cardenasii  x A.  hypogea  and  of  A.  chacoenae  x A.  hvoogea  retained  the 
resistance,  loading  to  the  conclusion  that  the  transfer  of  genes  from 
these  species  into  A.  hvpogaea  should  increase  the  resistance  to  both 
peanut  leafspot  pathogens  (87).  High  degrees  of  resistance  to  late 
leafspot  were  identified  within  96  accessions  of  wild  Arachis  species; 
some  accessions  had  lesions  with  no  sporulation  (102). 

Six  Virginia-type  lines  were  studied  by  Hornegay  et  al.  (41),  two 
of  which  were  resistant  to  early  and  late  leafspot  and  four  of  which 
were  resistant  to  only  one  disease.  Resistance  to  each  disease  was 
primarily  due  to  additive  genetic  effects,  and  where  resistance  to 
both  occurred,  the  resistances  were  inherited  Independently  (41). 

concluded  that  the  same  genes  conditioning  resistance  to  early 
leafspot  may  condition  susceptiblity  to  late  leafspot  and  vice  versa 


t inheritance  o 


leafs pot  within 


■e  performed  tJ 


r workers  (1,  4)  have  concluded 
to  early  leafspot  is  independent 

leafspot  demonstrated  levels 
these  selections  (110). 

Monasteries  (64)  stated  that  subjective  visible 
leafspot  severity  were  not  acceptable  and  concluded 
were  the  best  method  to  separate  susceptible 

-e  leafspot  in  his  visual  disease  assessments,  but  did  in  his 
counts.  Melouk  et  al.  (60)  have  used  severity  and  defoliation 

; percent  defoliation  were  the  most 
)r  disease  resistance.  Finally, 


the  number  of  lesions  per  1' 

screening  for  peanut  leafspot  rt 
the  number  of  lesions,  • 

Evaluation! 

Plants  grown  continually  in  the  greenhouse  were  found  to  have  higher 

when  inoculated  with  the  same  conidial  concentration  of  C. 
arachidicola  (28).  In  fact,  HC  3033  had  more  lesions  than  a number  of 
lines  in  the  greenhouse  but  consistently  had  reduced  lesions  numbers 


e using  plants  grown  in 
from  field  plants  (102). 


(28).  Later  experiments  confirmed 


environment  on  variations  in  lesion  number  (81).  This  phenomenon  has 
been  demonstrated  for  other  pathosystems  in  which  the  host  genotype 
exhibited  horizontal  resistance  (106)  by  a mechanism  involving 

inherent  in  peanut  leafspot  germplasm  have  been  of  interest. 
Significant  differences  in  lesion  numbers  on  plants  inoculated  with  C. 

64,  87,  96,  102).  Conversely,  non-significant  differences  in  lesion 
number  on  peanut  genotypes  varying  in  resistance  were  reported  in 
other  studies  (70,  71,  110).  In  some  cases  when  differences  in  the 
number  of  lesions  formed  have  been  found,  the  penetration  of  the 
pathogens  into  peanut  leaves  has  been  investigated.  Initial  reports 
concluded  that  stooatal  sise  influenced  resistance  to  peanut  leafspot 


the  observed  resistance  to  late  leafspot  (13).  Conidia  of  both  C. 

Arachis  species  classified  as  being  "immune"  (1).  Nevill  (71) 
reported  that  the  number  of  lesions  on  leaves  of  all  lines  under  study 


Measurements  of  lesion  sise  on  peanut  line 
resistance  to  peanut  leafspot  have 


t lines  differing  in  their 
varying  results.  Lesions 


caused  by  C.  arachldicola  were  not  significantly  different  in  size  on 
different  genotypes  in  some  studies  (81)  but  differences  in  size  of 
lesions  of  early  and  late  leafspot  (17,  64)  and  of  late  leafspot  (102, 


110)  were  found  in  other  studies.  Reductions  in  lesion  size  and 
lesion  nunber  were  correlated  so  that  selection  in  a breeding  program 

scopic  investigations  of  peanut  leaf  sections  after  inoculation  with 
C.  araohidicola  and  C.  persona  tun,  revealed  fungal  growth  was  found  to 
be  restricted  in  "moderately  susceptible"  and  "highly  resistant"  plant 
groupings  but  no  neasureoents  of  lesion  sise  were  performed  (l). 

Other  components  of  resistance  besides  reduction  in  the  lesion 
nunber  and  sise  are  of  interest.  Latent  period  is  an  important 
epidemiological  parameter  (107).  Differences  in  the  latent  period 
(the  tine  from  inoculation  until  sporulation)  on  different  lines  were 
demonstrated  by  Hevill  (71)  for  both  early  and  late  leafspot. 
Resistant  lines  had  longer  latent  periods.  Latent  periods  were  found 
to  be  longer  on  resistant  lines  in  other  studies  as  well  (17,  81, 
110).  Values  for  the  latent  period  of  early  leafspot  ranged  from 
16.4  to  22.6  (71)  and  17-8  to  24*4  days  (81).  Latent  periods  for  late 
leafspot  have  ranged  fron  11.7  to  23.9  (71)  and  22  to  24  days  (110). 
Walls  et  al.  (110)  and  Ricker  et  al.  (81)  reported  higher  values 

lesions  were  sporulating  (LPgg),  while  Hevill  (71)  measured  the  time 
until  initial  sporulation  (LPq). 

C.  personatum  on  resistant  peanut  genotypes.  Sporulation  per  lesion 
per  day  on  four  genotypes  ranged  from  17  to  100  and  4.3  to  580  for  C. 
araohidicola  and  C.  personatum  lesions,  respectively.  Humber  of  coni- 
dia  of  C.  araohidicola  per  leaflet  and  per  mm2  of  lesion  was 
(17,  23).  Sporulation 


significantly  lower  on  resistant  peanut  lineB 


indices  which  estimate  the  amount  of  sporulation  on  individual  lesions 
have  been  usod  to  differentiate  early  (60)  and  late  leafspot  (102, 
110)  resistant  genotypes.  Stromal  formation  of  both  peanut  leafspot 
pathogens  was  greatly  restricted  in  genotypes  classified  as  moderately 
susceptible  and  highly  resistant  (2). 

In  experiments  where  a number  of  components  of  resistance 
(components  analysis  experiments)  (11 4)  have  been  studied  (lesion 
number,  incubation  period,  latent  period,  and  amount  of  sporulation), 
no  line  was  found  to  affect  all  stages  of  the  disease  monocycle  (114). 

development  in  EC  76446(292)  and  PI  259747  but  no  reduction  in  the 
percentage  of  spores  that  eventually  caused  lesions.  Walls  et  al. 
(114)  found  significant  correlations  among  many  components  of 


evidence  (60,  102)  indicates  a tendency  for  several  components  of 
resistance  to  be  present  in  resistant  peanut  genotypes,  a trend  which 


has  been  demonstrated  in 


delay  epidemics  (73). 


CHAPTER  II 
FIELD  STUDIES 

Late  leafspot  of  peanut,  oaused  by  Cercosooridium  pergonatum 
(Berk.  & Curt.)  Deighton,  is  a major  foliar  disease  of  peanuts 
(Araohla  hypoeea  L.)  throughout  the  world  (95),  and  recently 
predominates  over  Cercospora  arachidicola  Hori  in  importance  in 
Florida  (33).  Plant  breeding  programs  throughout  the  world  have  been 
concerned  with  identifying  agronooically  acceptable  peanut  genotypes 
with  resistance  to  both  early  and  late  leafspot  (25,  41,  101).  The 
University  of  Florida  has  been  the  first  to  release  such  a variety, 
Southern  Runner  (24),  and  another  genotype  of  this  type,  UF  81206,  has 
been  considered  for  release.  Southern  Runner  and  UF  81206  have 
greater  levels  of  late  leafspot  resistance  than  Florunner  (76),  the 
aost  widely  grown  peanut  cultivar  in  the  southeastern  United  States 
(95).  Further  quantification  of  the  levels  of  resistance  in  Southern 


Since  van  der  Plank  (106)  introduced  the  terms  horizontal  and 
vertical  resistance,  several  authors  have  added  to  his  interpretation 
(68,  73,  82).  Helson  (68)  has  stated  that  horizontal  resistance 

that  has  its  major  effect  on  the  rate  of  progress  of  the  epidemic. 
Shaner  and  co-workers  (47,  84)  and  Luke  and  Berger  (53)  have  utilized 
the  terms  slow-mildewing  and  slow-rusting  to  identify  the  same 


rate-reducing  phenonmenon.  Currently,  one  cannot  test  to  see  if  the 
resistance  is  differential  (19)  as  there  are  no  known  raoes  of  either 

peanut  genotypes  to  C.  persona  tun  has  been  described  (100). 

various  fungicide  schedules  on  peanut  leafspot  epidenics  occurring  in 
the  field  were  studied.  Research  centered  around  assessing  peanut 
leafspot  severities  at  individual  dates  and  on  the  progress  of 

each  genotype  within  different  fungicide  schedules  were  also  studied 
to  deternine  whether  leafspot  resistance  or  fungicide  applications 

leaf  remained  on  the  plant.  Leaf  area  and  reproductive  bionass  accu- 
mulation were  also  of  interest.  By  studying  disease  progress  and  leaf 

schedules,  information  for  proper  spray  scheduling  bould  be  developed 

epidemics  (76),  but  the  epidemics  were  studied  under  fungicide 
schedules  different  from  those  currently  recommended  to  Florida  peanut 

Research  was  also  performed  to  place  Southern  Runner  and  OF  81206 
under  two  distinct  levels  of  late  leafspot  inoculum.  One  of  the  goals 
of  this  experiment  was  to  expose  the  genotypes  to  levels  of  late 
leafspot  inoculum  that  would  exceed  that  found  in  a commercial 
grower's  situation.  The  effects  of  the  different  levels  of  inoculum 
on  these  late  leafspot  resistant  genotypes  were  investigated  at 


individual  assessment  dates.  Rates  of  leafspot  progress  throughout 
the  growing  season  were  also  investigated  and  comparisons  between  the 


of  resistance  in  Southern  Runner  and  UF  81206  and  the  effect  of  this 
id  fungicide  schedules  on  leafspot  epidemics  in  the  field. 


n plot  1 


is  experiments  wi 


Polycyclic  Epidemic  Processes  Experiment  (PEP1 

This  experiment  was  performed  in  198 
Marianna  Airport  and  in  1985  at  the  Dosier  B 
FL.  Since  materials,  methods,  and  results  f 
extremely  similar,  only  the  materials,  metho 
1985  experiment  are  presented. 

Genotypes  and  fungicide  schedules.  A split-plot,  randomised  com- 
plete block  design  with  four  replications  was  utilized  in  a factorial 
experiment  comparing  three  genotypes  and  three  fungicide  schedules. 
Southern  Runner,  UF  81206,  and  Florunner  were  assigned  at  random  to 

to  the  main  plots.  Southern  Runner  was  a selection  from  a cross 
between  PI  203396  and  Florunner  and  UF  81206  is  the  progeny  of  a cross 
between  PI  203396  and  F427B-3-1-7-4.  Subplots  were  12  rows  wide 
planted  on  0.91  m centers  and  were  6.1  m long.  Unplanted  borders,  3.05 


long,  separated  the  32.9 


L/ha  of  chlorothalonil  (Bravo  500,  Fermenta  Plant  Protection  Company, 
Cleveland,  OH)  in  94.6  L/ha  of  water*  This  is  the  highest  labelled 

tiated  43  days  after  planting  (DAP).  A backpack  sprayer  (Weed  Systems 
Inc.,  Gainesville,  FL)  nsing  three  D2-25  nozzles  per  row  and  3.5 
kg/ cm2  with  C02  as  a propellant  was  employed  on  the  first  seven  appli- 
cation dates.  The  remainder  of  the  fungicide  applications  were  made 
using  a tractor  mounted  spray  system  (80)  with  the  same  specifications 
as  the  backpack  sprayer,  except  spray  was  applied  at  2.1  kg/cm2  of 

were  followed  throughout  the  experiment. 

Disease  assessment  and  analysis.  Severities  of  early  and  late 
leafspot  were  assessed  using  a plexiglass  (3M  Corp,  Minneapolis,  MN) 
form  fashioned  to  differeniate  canopy  layers  as  described  by  Plaut  and 
Berger  (77).  The  amount  of  chlorosis  and  necrosis  attributable  to 
each  disease  was  estimated  in  three  distinct  oanopy  layers  utilizing 
standard  area  diagrams  depicting  various  severities  of  peanut  leaf- 
spot.  The  severity  of  early  leafspot  throughout  the  experimental 
period  was  low,  and  when  included  in  statistical  analysis  it  was 

plot.  Disease  assessments  were  made  34,  42,  55,  65,  76,  86,  97,  107, 


Late  leafspot  severity  end  the  sun  of  early  and  late  leafspot 

variance.  As  the  season  progressed,  the  bottoa  and  then  the  Diddle 
canopy  regions  had  to  be  deleted  fron  statistical  analyses  because  of 


Differences  in  disease  progress  anong  genotypes  in  nonsprayed 
plots  and  anong  fungicide  schedules  within  each  genotype  were  tested 
by  regressing  late  leafspot  severity  (LLS)  against  DAP.  Hontransfora- 
ed  LLS  data  were  used  in  regressions  as  were  LLS  data  transforned  by 
the  Goaperts  and  logistic  transfornations  (7,  53).  Statistical  meth- 
ods  to  test  significance  of  differences  between  regression  lines  and 
regression  paraaeters  were  enployed  to  discern  differences  in  the 
progress  of  late  leafspot  between  genotypes  and  fungicide  schedules 
[general  linear  test  approaah,  comparison  of  regression  parameters, 
(69)1.  Computer  programs  written  in  basic  for  the  IBM  XT  (IBM,  Boca 
Raton,  FL)  were  utilised  to  test  regression  lines  and  regression 
paraaeters.  Any  seros  that  appeared  in  the  data  were  not  included  in 
the  regression  analyses. 


Defoliation.  Defoliation 


measured 


nodes  with  four  leaflets  abscised  and  the  total  number  of  nodes  on 
aainstems  of  eight  plants  in  each  subplot  on  each  assessment  date. 
Total  nodes  were  recorded  to  assess  relative  growth  of  the  genotypes. 
Overall  defoliation,  i.e.,  defoliation  regardless  of  canopy  layer,  was 
calculated  by  taking  the  ratio  of  the  number  of  nodes  with  four  leaf- 


percentage  (41).  Defoliation  in  eaoh  of  the  three  canopy  regions  was 


assessed  by  counting  the  number  of  nodes  in  each  canopy  region  of  each 
of  the  three  genotypes.  It  was  found  that  the  sane  number  of  nodes 
formed  for  each  genotype  regardless  of  the  fungicide  schedule.  Re- 
spectively for  Florunner,  Southern  Runner,  and  UF  81206,  the  mean 
number  of  nodes  was  5,  5,  and  15;  5,  5,  and  17;  and  6,  5,  and  17  for 
the  bottom,  middle,  and  top  canopy  regions.  The  ratio  of  nodes  with 
four  leaflets  abscised  to  the  mean  number  of  nodes  in  each  canopy 
region  (expressed  as  a percentage)  was  the  defoliation  rating  for  each 
canopy  region  at  each  assessment  date.  All  defoliation  data  on  each 
assessment  date  were  subjected  to  analysis  of  variance. 

On  individual  disease  assessment  dates,  correlations  between 
defoliation  and  the  LIS  in  each  canopy  region  were  made  (65).  Where 
significant  positive  correlations  between  US  and  defoliation  existed, 
linear  regressions  of  defoliation  on  US  were  performed  to  test  dif- 
ferences between  genotypes  (69).  Each  regression  contained  data  for 
individual  genotypes  over  all  three  fungicide  schedules. 

Leaf  area  index  (LAI)  and  reproductive  Mp„«ss  accumulation.  All 
peanut  plants  from  0.91  m of  either  row  2 or  4 (0.836  m2)  in  the 
subplots  were  harvested  at  each  sampling  date.  Samples  were  dug  43, 
57,  70,  87,  100,  and  131  DAP  with  a potato  pitchfork  in  order  to 
minimise  pod  loss.  Samples  were  removed  from  the  field  in  burlap  bags 
and  washed.  A typical  plant  was  selected  from  the  0.836  m2  sample  and 
the  leaves  were  assigned  to  one  of  the  canopy  layers  using  the  plexi- 
glass form  used  in  disease  assessments.  Leaves  from  each  canopy 
region  were  passod  through  a portable  leaf  area  meter  (Li -Cor,  Inc., 
Lincoln,  NE)  and  the  total  leaf  area  for  each  canopy  region  was  re- 
corded (LABp,  LAHp,  LATp  = leaf  are.  bottom,  middle,  and  top  canopy 


rogions,  respectively).  Leaf  areas  for  the  three  canopy  regions  were 
then  sunned  to  calculate  a totel  leaf  area  per  plant  (TLAp).  Leaves, 
Stoss,  and  pods  froo  the  selected  plant  were  placed  in  separate  paper 
bags  and,  along  with  the  entire  0.836  m2  sample,  dried  in  a drying 
oven  (temperature  held  at  37.80)  for  a minimum  of  72  hrs.  The  bags 
were  then  removed  from  the  drying  oven  and  weighed  (LWTp,  SWTp,  PWTp, 
and  TWTp,  = dry  weight  of  leaf,  stem  , pod,  and  total  respectively  for 
the  selected  plant;  TOTs  - total  weight  of  the  0.836  m2  sample).  Leaf 
area  for  the  entire  0.836  m2  sample  (TLAs)  was  calculated  by  the 
following  equation: 


TLAs  = (TLAp/TWTp)  * TWTs.  (equation  1) 


calculated  by  dividing  the  TLAs  by  8361.3 


(76)  was 


each  canopy  layer  were  calculated  as  the  product  of  TLAs  and  the 
ratios  LABp/TLAp,  LAMp/TLAp,  and  LATp/TLAp  for  the  leaf  area  of  the 
0.836  a2  (8361.3  cm2)  in  the  bottom  (TLABs),  middle  (TLAHs),  and  top 
(TLATs)  canopy  regions,  respectively.  Further,  leaf  area  index  values 
for  each  canopy  region  of  the  0.836  a2  were  calculated  by  the 
following  equations: 


leaf  area  index-bottom  (LA IB)  = (TLAs 
(equation  2) 


(LABp/TLAp))/836l.3 


x-middle  (LAIM)  = (TLAs  * (LAMp/TLAp) J/8361 .3 
(equation  3) 


23 

leaf  area  index-top  (LAIT)  * (TLAs  • <LATp/TLAp))/836l.3. 
(equation  4) 


attempt  to  perform  linear  regressions 
against  time  or  to  fit  the  data  to 
intervals  investigated.  Correlations 
leaf  area  accumulation  data  were  perfo: 
method  of  assessing  defoliation  used  1 


genotype  and  fungicide  schedule  ■ 


or  leaf  area  accumulation  data 
a distribution  for  the  time 
etween  defoliation  ratings  and 

this  experiment.  Correlations 
between  LLS  and  LAI  in  each  canopy  region  were  computed  to  test  for  a 
significant  effect  of  LLS  on  LAI.  Correlations  were  computed  for 
disease  assessment  dates  paired  with  leaf  area  assessment  dates  in  the 
following  manner:  57  and  55.  70  and  65,  87  and  86,  100  and  97,  and 

Reproductive  biomass  accumulation  was  studied  utilising  the  sane 
0.836  m2  sample  taken  for  study  of  leaf  area  accunulation. 
Reproductive  tissue  included  the  pods,  with  harvesting  of  these 
tissues  beginning  when  the  first  thickening  of  the  peg  terminus  was 
observed  (8).  Pod  weight  of  the  0.836  m2  sample  (PWTs)  was  calculated 
by  multiplying  the  TWTs  by  the  ratio  of  pod  weight  to  total  plant 
weight  of  the  single  plant  sample  (PWTp/TWTp).  The  ratio  of  PWTs  to 
TWTs  was  also  calculated  (note  it  is  equal  to  PWTp/TWTp)  and  was 
called  the  harvest  index  (90).  This  ratio  gives  an  indication  of  the 
state  of  the  "source-sink"  relationship;  that  is,  a high  harvest  index 
indicates  that  the  photosynthesizing  portions  of  the  plant  are 


available  photosynthate 


providing  a larger  portion  of  the 
poda.  By  knowing  the  size  of  the  source  from  leaf  area  accumulation 
data  and  the  harvest  index,  the  relative  importance  of  these  variables 
in  determining  yield  can  be  distinguished. 

The  amount  of  reproductive  tissue  (pod  weight)  and  the  harvest 
index  values  were  subjected  to  analysis  of  variance  to  test  the 
effects  of  genotype  and  fungicide  schedule. 

Diseased  leaf  area  (DLA).  The  amount  of  diseased  leaf  area  (DLA) 
within  each  canopy  region  of  each  treataent  combination  was  calculated 
as  the  product  of  the  canopy  region  leaf  area  and  the  late  leafspot 
severity  expressed  as  a proportion.  Since  leaf  area  and  disease 
severity  assessments  occurred  on  different  days,  DLA  was  calculated 
using  the  assessments  made  on  57  and  55  , 70  and  65,  87  and  86,  100  and 
97,  and  131  and  135  DAP  for  leaf  area  and  disease  severity,  respect- 
ively. Regressions  of  DLA,  log  DLA,  and  (-ln(-ln(DLA/10000)))  a- 
gainst  DAP  were  performed  and  the  resulting  regression  parameters 
subjected  to  statistical  procedures  to  test  for  differences  among 
genotypes  in  nonsprayed  plots  (general  linear  test  approach,  compari- 
sons of  regression  parameters)  (69).  The  transformation  (-ln(- 
ln(DLA/lOOOO))J  was  selected  after  test  plots  showed  that  this  manipu- 
lation was  effective  in  linearizing  the  data.  Zeros  in  the  data  were 
disregarded  in  the  regression  analyses.  DLA  at  each  combination  of 

Individual  leaf  assessment.  In  the  center  of  row  7 of  the  twelve 
row  subplots  a single  plant  was  marked  with  a flag  at  34  DAP.  On  each 
disease  assessment  date,  bell  wire  of  a different  color  was  used  to 


fully  emerged 


flagged 
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plant.  Selected  stems  were  at  the  aaae  position  on  each  plant!  a 
center-nain  stem  was  chosen  for  tagging,  as  were  two  side  stens,  one 

until  leaf  abscission  was  recorded  and  disease  severity  on  the 


days  that  leaves  were  on  the  plant  was  calculated  by  taking  the  aver- 
age of  the  leaves'  longevity  on  each  of  the  three  stens.  The  maximum 
number  of  days  a given  leaf  could  remain  on  the  plant  was  calculated 
by  subtracting  the  number  of  days  after  planting  on  which  the  leaf  was 
tagged  from  139  (the  DAP  at  harvest).  The  time  a leaf  remained  on  the 
plant  waa  expressed  as  a percentage  of  this  maximum. 

The  percentage  of  total  possible  days  on  the  plant  and  the 
maximum  peanut  leafspot  severity  assessed  on  the  leaf  before 
abscission  were  subjected  to  analysis  of  variance. 

Yield.  Yield  data  were  collected  at  three  harvest  dates  at  125, 
139,  and  160  DAP.  Rows  8 and  9,  6 and  7,  and  10  and  11  in  each 
subplot  were  dug  on  the  first,  second,  and  third  harvest  dates,  re- 
spectively. Using  the  pod  profile  method  (111)  on  pods  from  the  19- 
day  interval  fungicide  schedule,  the  optimum  harvest  date  was  deter- 
mined for  each  genotype.  Pods  were  threshed  after  three  days  of  drying 
in  the  field,  dried  for  24  hrs  with  forced  air  and  weighed.  On  the 

within  the  outline  of  the  wooden  frame  were  bagged,  dried  in  the 

Analysis  of  variance.  Analysis  of  variance  was  performed  using 


Version  3.0  (Michigan  State  University,  Lansing, 
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and  IBM  XT  microcomputers.  The  split-plot  analysis  of  variance  pro- 
cedure from  Steel  and  Torrie  (99)  was  used  and  the  presence  of  a 
genotype  x replicate  interaction  was  ignored.  Selected  data  sets  were 
analysed  utilising  SAS  (SAS  Institute,  Cary,  HC)  including  the  geno- 
type x replicate  interaction  and  testing  its  significance  with  the 
residual  error  tern.  The  genotype  x replicate  interaction  was  never 
found  to  be  significant,  Baking  the  pooling  of  the  genotype  x repli- 
cate interaction  and  the  residual  error  tern  legitinate  (65). 

When  significant  genotype  x fungicide  schedule  interactions  were 
found,  Satterthwaite's  procedure  (65)  was  utilised  to  calculate  the 
error  degrees  of  freedon  for  testing  significance  in  preplanned  or- 
thogonal contrasts.  Contrasts  were  performed  when  of  interest  and 
were  conducted  in  the  following  manner:  when  significant  fungicide 
schedule  x genotype  interactions  occurred,  nonsprayed  versus  10-day, 
and  nonsprayed  versus  20-day  schedule  means  were  contrasted  for  Flo- 
runner,  while  only  nonsprayed  versus  10-day  schedule  means  were  con- 
trasted for  Southern  Runner  and  UF  81206.  Differences  among  means  of 
treatments  giving  a significant  F ratio  in  analysis  of  variance  were 
tested  using  Hewman-Keuls  mean  separation  procedure,  either  at  the 
0.05  or  the  0.01  level  of  significance  (65). 


This  experiment  was  performed  in  1985  at  the  Dossier  Boys'  School 
Experimental  design.  A randomized  complete  block  experimental 
UF  81206  at  two  levels  of  inoculum.  The  approach  for  creating  two 


levels  of  inoculum  was  modeled  after  Kucharok  at  al.  (45)  and  used  the 
phenomenon  of  alloinf action  or  interplot  interference  (cryptic  error) 
(106,  114).  Four  rows  (55.8  m2)  of  Southern  Runner  or  OF  81206  were 
bordered  on  two  sides  by  twelve  rows  (83.6  BZ)  of  sprayed  or  non- 
sprayed  Florunner.  Sprayed  rows  of  Florunner  received  applications  of 
chlorothalonil  at  1.5*  the  highest  labeled  rate  (3.72  L/ha)  early  in 
the  season  and  later  in  the  growing  season  received  2x  the  highest 
labeled  rate  (5  L/ha)  (44).  Fungicide  applications  were  made  using  a 
tractor  mounted  sprayer  (80)  with  a 14-day  interval  between 
applications.  Plots  of  Southern  Runner  and  OF  81206  were  never 
treated  with  a fungicide  to  control  peanut  leafspot.  Even  though  late 
leafspot  was  found  in  this  plot  area  at  43  OAP,  pots  containing  plants 
of  Early  Bunch,  a cultivar  highly  susceptible  to  late  leafspot,  were 
placed  in  the  center  of  the  nonsprayed  rows  of  Florunner  at  44  and  58 


at  43,  58,  71,  79,  86,  100,  114,  123,  and  136  DAP.  Assessments  were 
made  in  a 3.05  n long  staked  area  in  the  center  two  rows  of  the 
Southern  Runner  and  OF  81206  plots.  Late  leafspot  severity,  early 
leafspot  severity,  and  defoliation  in  each  canopy  region,  and  overall 
defoliation  were  subjected  to  analysis  of  variance  for  each  individual 
assessment  date.  Certain  canopy  regions  were  not  considered  on  some 

treatment  combinations. 


Progress 


late  leafspot  epidemics  in  Southern  Runner  and 


81206  for  the  ti 


levels  of  inoculum  were  compared  as  described  in 


significant  effects  of  genotype  and  inoculum  level  on  early  leafspot 
severity  at  individual  assessment  dates.  Correlations  between  late 
leafspot  severity  and  defoliation  were  also  investigated  in  the  manner 
described  in  PEPE. 

Yield.  The  center  two  rows  of  the  Southern  Runner  and  UF  81206 
plots  were  dug  140  DAP,  threshed,  bagged,  dried  with  forced  air  for  24 
hrs  in  a wagon,  and  weighed. 

Analysis  of  variance.  Analysis  of  variance  was  performed  utiliz- 
complete  block  design  in  Steel  and  Torrie  (99).  Mean  separations  and 


Results 

Polycyclic  Epidemic  Processes  Experiment  (PEPE)  1985 

Disease  assessment.  No  significant  effects  of  either  fungicide 
schedule  or  genotype  on  severity  of  early  leafspot  in  any  canopy 
region  were  found.  Early  leafspot  severity  did  not  exceed  ^Z  on  any 


Progress  of  late  leafspot  in  nonsprayed  plots  of  Florunner, 
Southern  Runner,  and  UF  81204  in  each  canopy  region  is  illustrated  in 
Figures  1 through  3.  Termination  points  of  the  lines  for  individual 
genotypes  in  a particular  canopy  region  differ  because  total 
defoliation  of  particular  canopy  regions  occurred  at  different  tines 
for  the  three  genotypes.  For  instance,  the  bottom  canopy  of  Florunner 
was  totally  defoliated  by  the  97  DAP  assessment  date,  but  the  bottom 
canopy  in  Southern  Runner  was  not  totally  defoliated  until  107  DAP. 
Levels  of  late  leafspot  in  Florunner  in  each  canopy  region  were  higher 
than  those  in  either  Southern  Runner  or  OF  81206. 

Regressions  of  LLS  against  time  in  nonsprayed  plots  of  Florunner, 
Southern  Runner,  and  OF  81206  showed  significant  differences  among 
these  genotypes  in  the  rate  of  late  leafspot  progress  (Table  1). 
Slopes  of  disease  progress  curves  for  Florunner  were  significantly 
higher  than  for  Southern  Runner  and  OF  81206  in  the  bottom  and  middle 
canopy  regions.  Xn  the  top  canopy  region  late  leafspot  progressed 
significantly  faster  in  Florunner  than  in  Southern  Runner  and  UF 
81206  using  nontransformed  LLS  and  data  transformed  using  the  Gompertz 
transformation.  Significant  differences  in  the  slopes  of  late  leaf- 


spot  progress 


transformed  LLS  data  for  the  top  end  middle  canopy  regions. 

All  regressions  of  LLS  against  time  were  significant,  regardless 
of  the  form  of  LLS  used  (nontransformed,  logistic  or  Gomperts  trans- 
formed), but  the  coefficent  of  determination  (r2)  shows  that  the  lo- 
gistic and  Gomperts  transformations  often  improved  the  fit  (Table  1). 

With  analysis  of  variance  of  LLS  on  individual  assessment  dates, 


highly  significant  effects  of  fungicide  schedule  and  genotype 
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were  found.  However,  on  and  after  86  DAP,  whenever  either  or  both  of 
these  main  effects  in  the  statistical  model  were  significant  for  a 
given  canopy  region,  a significant  fungicide  schedule  x genotype 
interaction  was  also  found.  This  interaction  was  found  to  be 
significant  on  each  assessment  date  after  86  DAP  in  each  canopy  region 


n Florunner  w 


Because  of  t 


significant  interaction,  mean  separations  for  fungicide  schedules  were 
performed  individually  for  each  genotype  (Table  a).  Orthogonal 
contrasts  further  amplified  differences  between  selected  spray 
schedules  within  Florunner,  Southern  Runner,  and  UF  81206  (Table  3). 
Fungicide  applications  generally  had  no  significant  effect  on  the 

consistently  decrease  LLS  in  Florunner.  The  10-day  spray  schedule  did 


significantly  decrease  LLS  in  Southern  Runner  in  the  middle  canopy  at 
97  DAP  (Table  3)  and  in  the  top  canopy  on  135  DAP  (Table  2 and  3).  At 
no  assessment  date  was  there  a significant  decrease  in  LLS  in  any 
canopy  region  for  UF  81206  attributable  to  fungicide  application. 

leafspot  progress  when  compared  to  the  rate  in  nonsprayed  plots  (Tables 
4,  5 and  6;  Figures  4 through  12).  With  Florunner  in  most  instances, 
each  increment  in  the  amount  of  fungicide  applied  yielded  a 


significant  decrease  in  the  rate  of  progress  of  late  leafspot,  but 
some  exceptions  to  this  trend  were  found  (nontransformed  LLS  data  from 


the  bottom  canopy,  and  Gomperts  and  logistic  transformations  in  the 
top  canopy).  For  Florunner,  the  rates  of  increase  in  LLS  in  the  10- 
day  spray  schedule  plots  were  always  significantly  lower  than  those  in 


nonsprayed  plots. 


HI 

Iff 

1 1 ! 

IS! 

if! 

?n 

M? 

m 

m 

HI 

!!? 

III 

i * i 

do  d 

1 1 1 
odd 

? ? 

1 i i 

??! 

f 5 f 

II! 

1!! 

! ! S 

IS! 

If! 

1 1 ? 

5 5 1 

1 5 5 

1 1 f } 1 1 f 1 

H 

a * 


i: 


|l  \ 

!!!  Ill  ns 

II 

if!  If!  H 

I >? 

II?  II?  II 

. 

||  ~ 

!!!  ill  II! 

I 

if!  Iff  Hi 

1" 

?n  ?n  m 

1 " 

ill  II!  If! 

I 

SSI  ill  If! 

II?  ? 1 1 I ? ? 

!• 

Pi 

|1njlujlii 

* a 


1 


! 


I 


,,,,,,,,,,  L £H 

oodixj^tojocoidtoj (*) 

(*)  A1IH3A3S  10dSdV31  3in 


45 


(XI  A1IU3A3S  lOdSJVai  31V1 


-I 

*1 


*.8 
•s  i 


5 6 

!<*• 


eII 


s.3 s 


i 


(XI  A1IU3A3S  lOdSHVan  31 VI 


49 

The  application  of  fungicide  on  a 10-day  spray  schedule 
significantly  reduced  the  rate  of  late  leafspot  progress  in  Southern 
Runner  when  compared  to  the  rate  in  the  nonsprayed  plots,  hut 
applications  on  a 20-day  schedule  did  not.  The  latter  application 
schedule  significantly  slowed  the  rate  of  increase  of  LLS  in  only  one 
instance  (Table  6,  non  transformed  data). 

The  response  to  fungicide  application  was  less  dramatic  on  UF 
81206  than  on  the  other  genotypes.  Significant  reductions  in  the  rate 
of  late  leafspot  progress  were  found  only  when  the  10-day  schedule 
was  coapared  with  the  nonsprayed  schedule  (Tables  4,  5,  and  6)  These 
reductions  were  inconsistent  and  varied  with  the  transformation  used. 
Four  of  the  nine  tests  performed  on  UF  81206  showed  no  significant 
differences  between  rates  of  disease  progress  among  the  three 

Defoliation.  In  contrast  to  the  LLS  data,  defoliation  in  fungi- 
cide-treated peanuts  was  UBUally  higher  in  UF  81206  and  Southern 
Runner  than  that  in  plots  of  Florunner  for  equivalent  treatments 
(Table  7).  Analysis  of  variance  for  defoliation  throughout  the  total 
canopy  (overall  defoliation)  and  within  each  canopy  region  showed  the 
presence  of  significant  fungicide  schedule  x genotype  interactions,  as 
was  the  case  for  the  LLS  data  (Tables  7 and  8).  Where  these  signifi- 
cant interactions  were  found,  defoliation  in  the  middle  and  top  canopy 
regions  in  the  nonsprayed  plots  of  Florunner  always  exceeded  that  of 
nonsprayed  plots  of  Southern  Runner  and  UF  81206.  In  assessments 
made  86  and  99  DAP,  where  interactions  were  significant,  both  the 
fungicide  schedule  and  genotype  main  effects  in  the  statistical  model 
were  significant  as  well.  Southern  Runner  and  UF  81206  had  higher 
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defoliation  levels  than  Florunner  when  no  significant  fungicide 
schedule  x genotype  interaction  occurred  (Table  9). 

Fungicide  applications  in  Florunner  usually  resulted  in  dramatic 

81206  (Table  7 and  8,  Figures  13  through  21),  causing  the  significant 
fungicide  schedule  x genotype  interactions  in  the  analyses  of  vari- 
ance. Further,  the  F ratios  in  the  nonsprayed  and  10-day  schedule 
contrasts  are  always  smaller  within  Southern  Runner  and  OF  81206  than 
within  Florunner  (Table  8).  Where  significant  fungicide  schedule  x 
genotype  interactions  were  found  in  analysis  of  variance  of  defolia- 
tion data,  defoliation  in  nonsprayed  treatments  of  Florunner  was 
significantly  different  from  defoliation  in  Florunner  20-day  schedule 
plots  10  out  of  12  times,  where  in  OF  81206  nonsprayed  and  20-day 
schedule  defoliation  means  were  significantly  different  only  three  out 
of  12  times  (Table  7).  Treatment  means  for  nonsprayed  Southern  Runner 
were  significantly  different  from  20-day  schedule  means  eight  out  of 
the  12  times  when  significant  fungicide  schedule  x genotype  interact- 
ions were  found.  Further,  Figure  15  shows  that  defoliation  of  OF 
81206  in  the  bottom  canopy  did  not  respond  to  fungicide  applications 
in  a significant  manner.  In  other  canopy  regions,  OF  81206  did  re- 
spond to  fungicide  application  with  lower  defoliation,  as  did  Southern 
Runner  and  Florunner  in  all  canopy  regions  (Figures  13,  14,  and  16 
through  21). 

Relationship  between  LLS  and  defoliation.  The  number  of  signifi- 
cant positive  correlations  between  LLS  and  defoliation  was  progres- 
sively less  among  Florunner,  Southern  Runner,  and  OF  81206,  respec- 
tively (Table  10).  Of  11  correlations  between  LLS  and  defoliation  in 
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Florunner,  nine  wore  significant  (P  < 0.05).  A significant  relation- 
ship between  LLS  and  defoliation  was  found  for  Florunner  in  all  canopy 
regions  with  a mean  correlation  coefficient  of  0.81 . Correlations  of 
LLS  and  defoliation  in  Southern  Runner  were  significant  in  eight  of  11 
tests  performed  and  the  mean  correlation  coefficient  was  0.74.  The 
relationship  of  these  variables  was  more  significant  in  the  middle  and 
top  canopy  regions  in  Southern  Runner.  In  OF  81206  the  correlations 
between  LLS  and  defoliation  were  significant  in  si*  of  11  tests  with  a 
Bean  correlation  coefficient  of  0.61.  Late  leafspot  severity  was  not 
significantly  correlated  with  defoliation  in  OP  81206  in  the  bottom 
canopy,  but  significant  correlations  existed  in  the  middle  and  top 
canopy  regions.  There  were  no  significant  correlations  between  LLS 
and  defoliation  in  any  genotype  at  65  and  76  DAP. 

Leaf  area  accumulation.  Generally,  Southern  Runner  and  OF  81206 
maintained  higher  amounts  of  leaf  area  than  did  Florunner  (Figures  22, 
23,  24,  and  25).  The  bottom  canopy  leaf  area  index  in  each  genotype 
was  negligible  compared  to  the  other  canopy  regions,  as  the  highest 
leaf  are  index  measured  was  less  than  0.5.  Leaf  area  in  the  middle 
canopy  decreased  in  all  genotypes  after  65  DAP  (Figure  24),  coinciding 
with  the  beginning  of  the  accumulation  of  larger  amounts  of  reproduct- 
ive biomass  or  pod  weight  (Figure  26).  Leaf  area  index  values  in  the 
top  canopy  region  began  to  decline  on  the  same  date  as  did  leaf  area 
in  the  middle  canopy  region,  but  Southern  Runner  and  OF  81206  main- 
tained greater  amounts  of  leaf  area  than  did  Florunner.  The  top 
canopy  region  in  all  genotypes  hod  the  highest  LAI  values  and  because 
of  this,  the  total  canopy  leaf  area  accumulation  over  time  closely 
follows  the  trends  seen  in  the  top  canopy  region  (Figure  22). 


X30NI  V3HV  dV31 


Fungicide  applications  significantly  increased  LAI  of  all  three 
genotypes  late  in  the  growing  season  for  the  middle}  top  and  total 
canopy  regions  (Figures  27,  28,  and  29).  However,  bottom  canopy  LAI 
was  significantly  increased  by  the  10-day  fungicide  schedule  at  87  DAP 
(Figure  30). 

Although  significant  fungicide  schedule  x genotype  interactions 
existed  in  LAI  assessment,  no  significant  differences  were  found 
between  fungicide  schedule  means  with  the  genotypes  (Table  11). 

Correlations  between  defoliation  and  LAI  assessments  show  that 
the  relationship  between  these  variables  is  inconsistent  (Table  12). 


A significant  negative  correlation  between  defoliation  and  leaf  area 
index  existed  four  of  nine,  five  of  nine,  and  six  of  nine  tests  for 
Florunner,  Southern  Runner,  and  UF  81206,  respectively  (Table  12). 

between  defoliation  and  LAI,  a reduction  in  the  correlation 
coefficient  occurred  even  if  the  correlation  was  significant  for  all 
three  genotypes. 

The  correlation  between  LAI  and  LLS  within  the  three  genotypes 
was  more  variable  than  the  correlation  between  defoliation  and  LAI 


correlation  between  LAI  and  LLS  was  significant  for  all  genotypes 
tested.  The  correlation  between  LAI  and  LLS  was  only  significant 
later  in  the  growing  season  (97  and  131  DAP)  and  was  significant  more 
often  on  Florunner  (two  of  five  times)  than  on  Southern  Runner  (one  of 


five  times)  or  UF  81206  (one  of  five  times), 
on  the  total  number  of  nodes  formed  or  in  the  increase  in  the 
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Table  11.  Effect  of  fungicide  application  schedule  on  leaf  area  index 
(LAX)  for  each  of  three  peanut  genotypes  for  assesscent  dates 
on  which  significant  fungicide  schedule  X genotype  interactions 


- Nonsprayed  plots  received  no  xungiciu.  co  Conor  Cl  late 

/O  , = 9-  and  19-day  plots  received  appUcations  of  chlorothalonil 

IZ.4S  1/ha)  on  a 9-  or  19-day  schedule,  resDectively. 

- LAI  measured  in  cm  . 

- Means  in  a column  folowed  by  different  letters  are  sigi 
ferent  (P  = 0.01 ) according  to  the  Newman-Keuls  meat 
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of  nodes  between  consecutive  assessment  dates  (Table  13)-  An  increase 
number  of  nodes  was  found  to  ocour  in  all  genotypes  until  the  121  DAP 


(Figure  26) , but  the  pod  weights  after  56  DAP  were  always  higher  in 
Fiorunner.  A significant  effect  of  fungicide  schedule  on  pod  weight 
occurred  at  87  DAP,  with  the  10-day  schedule  mean  being  significantly 
different  (Hewaan-Keuls  mean  separation,  P < 0.05)  from  the  other 
fungicide  schedule  means  (nonsprayed,  20-day,  and  10-day  schedule  pod 
weights  were  90.7,  108.5,  and  129.9  g,  respectively). 

Harvest  index  values  (PWT/TWT)  for  Fiorunner  were  consistently 
significantly  greater  than  those  of  Southern  Runner  and  UF  81206, 
indicating  that  a larger  portion  of  the  biomass  of  the  plant  was 
concentrated  in  the  pods  in  Fiorunner  (Figure  31).  At  no  date  was 
there  a significant  effect  of  fungicide  schedule  on  harvest  index, 


showing  that  LLS  did  not  affect  distribution  of  bionass. 

Diseased  leaf  area.  Fiorunner  had  higher  amounts  of  diseased 
leaf  area  (DLA)  in  all  canopy  regions  than  did  Southern  Runner  and  UF 
81206  (Figures  32  through  35).  Significant  fungicide  schedule  x 

last  three  assessment  dates  as  DLA  was  consistently  reduced  with 


fungicides  on  Fiorunner  but  not  on  the  other  genotypes  (Tables  14  and 
15).  In  the  canopy  regions  where  this  interaction  was  significant  at 
86  and  97  DAP , both  main  effects  in  the  statistical  model  were  signif- 
icant as  well.  At  135  DAP  only  the  fungicide  schedule  x genotype 
interaction  and  genotype  effects  were  found  to  be  significant.  There 


peanut  genotypes  at  Intervals  after  planting. 


Genotype 

DAP  Florunner  Runner  UF  81206  Overall 


121  21.2  24.6 

135  23-5  23.5 


23.2 

25.4 


- Number  of  days  after  planting. 
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was  no  significant  decrease  in  the  amount  of  DLA  in  UF  81206  because 
of  fungicide  application  at  any  assessment  date.  Previous  to  135  DAP 

amounts  of  leaf  area  lost  to  defoliation. 

Diseased  leaf  area  was  found  to  increase  at  a significantly 
greater  rate  in  Florunner  than  in  DF  81206  in  the  bottom  and  middle 
canopy  regions  (Table  16).  Diseased  leaf  area  in  Florunner 
accumulated  at  significantly  higher  rates  than  in  Southern  Runner  in 

special  Comports  transformed  data). 

The  rate  of  DLA  accumulation  in  the  top  canopy  in  Southern  Runner 


and  OF  81206  was  higher  thi 
completely  different  than  tl 
using  LLS.  Although  the  ratt 
resistant  genotypes,  there 
atrated  among  the  rates  of  D 
Individual  leaf  a3sesst 
plant  longer  compared  with 


i that  in  Florunner  (Table  16),  a trend 
it  seen  in  evaluation  of  disease  progress 

tfere  no  significant  differences  demon- 
A increase  within  the  genotypes. 
mt.  Florunner  leaves  remained  on  the 
he  other  genotypes  early  in  the  growing 
season  (34  to  86  DAP),  leaves  on  Southern  Runner  and  OF  81206  had 
greater  longevity  than  Florunner  leaves  later  in  the  season  (107  DAP) 
(Figure  36).  Differences  between  1MAX  in  nonsprayed  Southern  Runner 
and  OF  81206  aompared  with  nonsprayed  Florunner  were  accentuated  in 
leaves  emerging  97  and  107  DAP  (Figures  37  through  39). 

Analysis  of  the  leaf  survival  periods  reveals  that  a major  effect 
of  fungicide  applications  is  an  increase  in  the  average  period  of  tine 
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each  leaf  remains  on  the  plant.  Attributable  in  large  part  to  the 
response  of  Florunner  to  fungicide  sprays,  a significant  effect  on 
XMAX  was  found  for  fungicide  schedule  for  every  tagging  date  after  34 
DAP.  Leaves  tagged  on  86  and  97  DAP  responded  significantly  to  only 
the  applications  at  10-day  schedule  (Figure  40). 

Generally,  leaf  longevity  on  Florunner  was  greatly  increased  by 
fungicide  application  when  compared  to  the  responses  in  Southern 
Runner  and  UF  81206,  particularly  late  in  the  growing  season  (Figures 
37  through  39).  Significant  interactions  between  fungicide  schedule 
and  genotype  occurred  in  analyses  of  variance  of  XMAX  (42,  76,  and  107 

increased  fungicide  applications  on  OF  81206  and  an  intermediate 
overall  response  on  Southern  Runner  (Table  17). 

The  maximum  amount  of  disease  assessed  before  leaf  abscission 
(MAXDIS)  was  significantly  reduced  on  Southern  Runner  and  OF  81206 
when  compared  with  Florunner  (Figure  41).  Significant  fungicide 
schedule  x genotype  interactions  occurred  in  the  analyses  of  variance 
of  MAXDZS  at  55  and  107  DAP  because  fungicide  applications  did  not 
significantly  reduce  MAXDIS  on  Southern  Runner  and  UF  81206  but  did  so 
on  Florunner  (Table  18). 

A significant  effect  of  fungicide  schedule  without  a significant 
fungicide  schedule  x genotype  interaction  on  MAXDIS  was  found  at  65 
DAP  (Figure  42).  There  were  no  significant  (P  < 0.05)  correlations 
between  MAXDIS  and  XMAX  when  all  genotypes  and  fungicide  schedules 
were  used  in  the  correlation  procedure.  When  correlations  between 
MAXDIS  and  XMAX  were  done  within  individual  genotypes,  a significant 
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Table  17. 


Effect  of  fungicide  application  schedule  on  leaf  longevity  for 
each  of  three  peanut  genotypes.  Data  are  shown  for  each 
assessment  date  on  which  a significant  fungicide  schedule  X 


Genotype 


Fungicide 

spray 

interval 


Deaf  longevity  as  a percentage  of  number  of 
days  remaining  until  harvest  for  three  cohorts 


52.8a 
56.7a 
61. 7a 


Nonsprayed 

19-day 

9-day 

Nonsprayed 

19-day 

9-day 

Nonsprayed 


x - Nonsprayed  plots  received  no  applications  of  fungicide  for  the  control 
of  late  leafspot,  9-  and  19-day  plots  received  applications  of  chloro- 
thalonil  (2.48  1/ha)  on  a 9-  or  19-day  schedule,  respectively, 
y - Number  of  days  after  planting  (DAP)  on  which  cohort  was  fully  expanded. 

Maximum  number  of  days  was  based  on  a harvest  date  139  DAP. 
a - Means  in  a cloumn  followed  by  different  letters  are  significantly 
different  (P  = 0.05)  level  according  to  the  Newman-Xeuls  mean 
separation  procedure. 


a ii 
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Table  18. 


leL'spot  severity  prior  to  defoliation  on  leaves  tagged 


Fungicide 

interval 


Maximum  leafspot  severity 

55  DAP  107  DAP 


19-day 


9-day 


Runner 


19-day 


9-day 


UF  81206  Nonsprayed 


19-day 

9-day 


w - Honsprayed  plots  received  no  applications  of  fungicide  for  the 
control  of  peanut  leafspot,  9-  and  19-day  plots  received  appli- 
cations of  chlorothalonil  (2.48  1/ha)  on  a 9-  or  19-day  schedule, 
respectively, 
x - Days  after  planting. 

y - Means  in  a coition  followed  by  different  letters  are  signifi- 
cantly different  at  the  P = 0.05  level  (small  letter)  or  the 
P = 0.01  level  (capital  letter),  according  to  the  Heuman-Keuls 
mean  separation  procedure. 


(J)  UIH3A3S  iOdSJVBl  1/W3d  HflCXVH 


negative  correlation  was  found  on  Florunner  leaves  emerging  86  DAP 
(correlation  coefficient  -0.647,  P = 0.022). 

field,  field  in  Florunner  was  Increased  by  fungicide  appli- 
cations more  so  than  in  Southern  Runner  and  UF  81206  (Table  19), 
which  resulted  in  significant  fungicide  schedule  x genotype  interact- 
ions at  all  digging  dates.  There  were  no  significant  yield  increases 
attributable  to  fungicide  applications  at  any  of  the  digging  dates  in 
UF  81206. 

Trends  similar  to  those  in  the  yield  analyses  were  seen  in  the 
analyses  of  yield  loss  in  the  form  of  dropped  pods  (Table  19). 
Significant  differences  between  means  of  the  nonsprayed  and  20-day  and 
10-day  schedule,  and  between  each  of  the  three  fungicide  schedules  as 
was  Florunner  were  found  at  the  first  and  second  digging  dates, 
respectively.  No  significant  decreases  in  pod  drop  occurred  in 
Southern  Runner  or  UF  81206  in  response  to  fungicide  schedule. 

The  peanut  profile  method  of  maturity  determination  (112)  using 
pods  sampled  in  the  20-day  schedule  fungicide  schedule  treatment 
indicated  the  first  digging  date  (125  DAP)  was  optimal  for  Florunner 
while  the  second  digging  date  (139  DAP)  was  found  to  be  optimal  for 
Southern  Runner  and  UF  81206.  No  pod  maturity  test  was  conducted  for 
the  160  DAP  digging  date  which  gave  the  highest  yield  for  Southern 
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Interaction  Test 


Disease.  Greater  amounts  of  early  leafspot  were  found  in  Southern 
Runner  than  in  GF  81206  at  each  assessment  date  (Table  20).  With 
analyses  of  variance  of  early  leafspot  severity  (ELS),  border  row  x 
genotype  interactions  were  found  to  be  significant  (86  and  100  DAP, 
Table  20)  because  a significant  increase  of  ELS  occurred  in  Southern 
Runner  plots  bordered  by  nonsprayed  Florunner  that  did  not  occur  in  OF 
81206.  Where  no  significant  interaction  occurred,  nonsprayed  Florun- 
ner borders  resulted  in  higher  ELS  levels  in  both  genotypes. 

Although  statistically  significant  differences  in  the  ELS  were 

for  ELS  within  any  treatment  where  significant  differences  were  found 
was  2.6.  At  the  majority  of  assessment  dates,  early  leafspot  was  not 

Southern  Runner  usually  had  significantly  higher  LLS  than  OF 
81206  (Table  21).  At  86  DAP  a significant  border  row  x genotype 
interaction  was  found  in  analyses  of  variance  of  LLS  (middle  and  top 
canopy,  Table  22).  As  was  found  with  ELS,  this  Interaction  resulted 
from  a significant  border  row-influence  on  Southern  Runner  but  not  on 
OF  81206.  Nonsprayed  Florunner  border  rows  resulted  in  higher  amounts 
of  LLS  in  both  genotypes  where  no  significant  border  row  x genotype 
interaction  ocourred. 

Since  significant  effects  of  both  border  row  and  genotype  were 
leafspot  severity,  PLS). 
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Early  leafspot 


Levels  of  inoculum  created  by  the  nonsprayed  and  sprayed 
Florunner  border  rows  did  not  significantly  affect  the  rate  of  PLS 
progress  within  Southern  Runner  and  UF  81206  (Tables  23  and  24). 
However,  PLS  was  lower  in  both  genotypes  in  the  Biddle  and  top  canopy 
regions  when  border  rows  were  sprayed  (Figures  43  through  45). 

Defoliation.  Defoliation  was  affected  significantly  by  both  geno- 

red  between  these  sain  effects.  The  amount  of  defoliation  in  Southern 
Runner  bordered  by  nonsprayed  Florunner  was  almost  equivalent  to  that 
of  the  same  treatment  in  DF  81206,  but  the  defoliation  in  Southern 
Runner  bordered  by  sprayed  Florunner  was  greater  than  that  found  in 
the  same  treatment  in  UF  81206  (Table  25).  For  the  first  assessment 
date  on  which  such  a significant  border  row  x genotype  interaction  was 
found  (71  DAP,  Table  26),  the  interaction  resulted  from  a lack  of  a 
response  in  UF  81206  to  inoculum  level.  When  interactions  between 
border  row  and  genotype  occurred  in  the  top  canopy  region  (114  and  123 
DAP),  the  interaction  was  attributable  to  a lack  of  a significant 
increase  in  defoliation  in  Southern  Runner  plots  bordered  by  non- 
sprayed Florunner.  Significant  differences  between  defoliation  for 
Southern  Runner  and  UF  81206  were  found  where  significant  interactions 
did  not  exist.  Early  in  the  season  and  in  the  bottom  canopy  region  in 
particular,  UF  81206  had  greater  amounts  of  defoliation  than  Southern 
Runner  at  71,  7?,  and  86  DAP  (Table  26).  Defoliation  means  were  79.2* 
and  87.7*  at  79  DAP  in  the  bottom  canopy  for  Southern  Runner  and  UF 
81206,  respectively.  Later  in  the  season  (100  and  136  DAP)  the  per- 
centage of  defoliation  on  Southern  Runner  was  found  to  be 
ly  higher  than  that  on  UF  81206. 


significant- 


and  genotype  on  defoliation. 


Percent  defoliation 


x Canopy  Southern  y y 

DAP  region  Runner  UF  81206  Nonoprayed  Sprayed 


136  Overall 


64.0 


50.6  : 


x - Days  after  planting. 

effected  in  surrounding  plots  of  Florunner  peanuts  as  follows: 

runner;  sprayed  plots  were  surrounded  by  plots  of  Florunner 
which  were  sprayed  with  a protectant  fungicide.  Combined 
inoculum  level  analyses  included  all  data  from  the  specified 
genotype  - canopy  region  group  on  the  assessment  date, 
s - Means  within  a cultigen-canopy  region  row  followed  by  different 
letters  are  significantly  different  at  the  P = 0.05  level 
(lower  case  letters)  or  P = 0.01  level  (upper  case),  according 
to  the  Newman-Keuls  mean  separation  procedure. 
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Where  analysis  of  variance  showed  significant  effects  of  inoculum 
level  on  defoliation,  plots  bordered  by  nonsprayed  Florunner  had 
greater  amounts  of  defoliation  than  plots  bordered  by  sprayed 


Florunner  (Table  25)- 

When  correlations  between  LLS  and  defoliation  were  performed, 
there  was  no  significant  correlation  (P  < 0.05)  between  these  two 
variables  within  Southern  Runner  for  any  assessment  date  or  canopy 
region  (Table  27).  Significant  correlations  between  LLS  and 
defoliation  were  found  in  OF  81206  in  the  middle  canopy  region  at  100 
DAP,  and  in  the  top  canopy  region  at  100,  114,  and  123  DAP.  No 
calculations  of  total  disease  incorporating  defoliation  and  LLS  were 
performed  because  of  this  lack  of  significant  LLS-defoliation 
correlation  in  Southern  Runner. 

field.  Yield  of  DF  81206  was  not  significantly  higher  than  that 
of  Southern  Runner,  but  there  was  a significant  difference  between 
yields  because  of  inoculum  level 


treatments  (Figure  46). 
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The  levels  of  late  leafspot  resistance  seen  in  the  field  in 

dramatically  greater  than  that  of  the  most  popular  commercial  cultivar 
in  the  Southeast  (Florunner).  Late  leafspot  was  significantly  less  in 
Southern  Runner  and  UF  81206  compared  to  Florunner.  In  fact,  LLS  in 
nonsprayed  UF  81206  was  nearly  equivalent  to  that  observed  in 
Florunner  plots  receiving  fungicide  on  a 10-day  schedule.  Reduction 
in  late  leafspot  levels  in  the  resistant  genotypes  is  from  the 
reduction  of  the  rate  of  late  leafspot  progress  in  all  canopy 
regions.  Rates  of  late  leafspot  progress  in  Southern  Runner  and  UF 
81206  under  an  extreme  level  of  inoculum  in  the  interaction  test  (IT) 
experiment  were  still  lower  than  those  measured  in  nonsprayed 
Florunner  plots  in  the  PEPE.  Clearly,  resistance  in  Southern  Runner 
and  UF  81206  could  be  called  "slow-leaf spotting"  after  the 
designations  of  resistance  that  slow  the  rate  of  rust  and  powdery 
mildew  epidemics  in  small  grains  (53,  55,  86). 

Reductions  in  the  rate  of  late  leafspot  progress  in  Southern 
Runner  and  UF  81206  were  demonstrated  with  regressions  using 
nontransformed  data  and  data  transformed  with  the  logistic  and 
Gompertz  transformations.  Although  both  transformations  improved  the 

leafspot  progress  curves  better  than  the  logistic  transformation. 
Because  of  the  better  fit  of  the  Gompertz  transformed  data,  more 
significant  differences  were  detected  between  rates  of  LLS  increase 


The  high  degree  of  resistance  in  Southern  Runner  and  UP  81206  was 
seen  even  when  the  genotypes  were  exposed  to  high  levels  of  inoculum 
in  the  IT.  Peanut  leafspot  severity  was  held  to  les3  than  7X  in 
Southern  Runner  and  less  than  5*  in  UP  81206  in  all  canopy  regions  in 
the  IT.  At  the  end  of  the  growing  season,  nonsprayed  Plorunner, 
bordering  the  late  leafspot  resistant  genotypes,  was  completely 
defoliated  by  late  leafspot.  Further,  there  was  no  consistent 
significant  increase  in  the  rate  of  late  leafspot  progress  because  of 
proximity  to  a border  of  nonsprayed  Florunner  in  either  Southern 
Runner  or  UF  81206,  showing  that  the  resistance  in  these  genotypes 
still  i3  effective  where  inoculum  levels  are  high.  Even  though  the 
rate  of  peanut  leafspot  inorease  was  not  significantly  increased  by 
nonsprayed  borders  of  Florunner,  early  and  late  leafspot  severities 
were  increased  by  this  treatment. 

Fungicide  applications  did  not  significantly  reduce  LLS  because 
of  the  resistance  within  Southern  Runner  and  UF  81206.  In  contrast, 
each  increase  in  fungicide  applied  to  Florunner  significantly  reduced 
LLS.  For  this  reason,  fungicide  schedule  x genotype  interactions 
occurred  commonly  in  the  analyses  of  variance  Involving  LLS. 

Reduction  of  the  rate  of  disease  progress  by  fungicide  application 

in  the  10-day  sahedule  treatments.  Significant  reductions  in  the  rate 
of  disease  progress  occurred  in  Florunner  with  each  increment  in 
fungicide  application.  A primary  effect  of  fungicide  application  in 
the  PEPE  is  the  reduction  in  the  rate  of  epidemic  progress  (6,  20, 
106).  However,  Plaut  and  Berger  (77)  concluded  that  with  late 


reduction 


leafspot  the  primary  effect  of  fungicide  application  was  the 
of  initial  disease. 

Correction  of  LLS  assessments  for  host  growth  (48,  106)  with  leaf 
area  measurements  is  unnecessary  since  the  leaf  area  in  each  canopy 
region  for  each  genotype  had  already  begun  to  decrease  before  disease 
onset  (114).  After  disease  onset  in  the  majority  of  treatments,  leaf 
area  either  stabilized  or  continued  to  decrease  for  the  remainder  of 

An  increase  in  the  number  of  nodes  on  the  main  stem  (center  stem) 
between  consecutive  assessment  dates  followed  a similar  pattern  on  all 
genotypes.  Node  accumulation  over  time  as  measured  in  this  experiment 
disagrees  withthe  data  of  Pixley  (76),  where  main  stem  and  lateral 
stem  nodes  were  counted.  Pixley  (76)  reported  that  Southern  Runner 
and  UP  81206  remained  vegetative  (producing  nodes)  while  Florunner  had 
a more  determinate  growth  habit,  ceasing  to  produce  new  nodes  toward 
the  end  of  the  growing  season.  One  reason  for  this  difference  may  be 
that  irrigation  was  applied  regularly  in  the  previous  study  while  in 
our  experiments  (PEPE  in  1984  and  1985  and  IT)  irrigation  was  used 
sparingly  or  was  not  available.  Water  stress  was  not  evident  in  any 
of  these  experiments  but  at  no  time  did  our  node  counts  on  the 
genotypes  used  in  both  studies  exceed  those  made  by  Pixley  (76). 

The  rate  of  accumulation  of  DLA  (diseased  leaf  area)  was 
significantly  decreased  in  Southern  Runner  and  OF  81206  compared  with 
Florunner  in  the  bottom  and  middle  canopy  regions.  However,  in  the 
top  canopy  the  rate  of  DLA  accumulation  was  greater  in  Southern  Runner 
and  OF  81206  than  that  in  Florunner,  but  not  significantly  so. 
Interplot  interference  was  probably  a factor  that  increased  the  rate 


of  accumulation  of  DLA  in  the  top  canopy,  particularly  if  one  or  more 
of  the  components  of  resistance  (73,  114)  in  either  Southern  Runner  or 
OF  81206  affects  the  amount  of  sporulation  and  not  lesion  formation  in 
the  resistant  genotypes.  Another  possibility  for  this  difference 
between  oanopy  regions  is  that  there  may  be  a difference  between  the 
genotypes  in  the  ability  of  the  canopy  to  "catch"  spores  (109). 
Certainly,  if  the  interception  of  inoculum  of  C.  persona turn  is 
proportional  to  the  amount  of  the  leaf  area  of  the  crop,  then  the 
inoculum  interception  within  Southern  Runner  and  UF  81206  would  be 
greater  than  that  of  Florunner,  because  the  two  resistant  genotypes 
have  greater  LAI  values  in  the  top  canopy  than  Florunner.  If  there  is 
indeed  an  increased  spore  catch  in  Southern  Runner  and  OF  81206,  we 
would  expect  this  to  be  more  important  if  the  reduction  of  the  number 
of  lesions  formed  from  such  inoculum  is  not  a component  of  resistance 
inherent  in  these  genotypes. 

Although  rates  of  DLA  accumulation  in  the  top  canopy  region  of 
Southern  Runner  and  OF  81206  were  not  decreased  by  late  leafspot 

genotypes  was  less  than  that  of  Florunner.  Amounts  of  DLA  were 
decreased  in  these  resistant  genotypes  to  a point  where  fungicide 
applications  did  not  significantly  reduce  DLA  further.  In  contrast, 
fungicide  sprays  resulted  in  significant  decreases  in  DLA  in 
Florunner.  Thus,  several  significant  fungicide  schedule  x genotype 
interactions,  occurred  within  analyses  of  variance  involving  this 
variable.  Even  though  LAI  within  the  canopy  regions  of  the  late 
leafspot  resistant  genotypes  were  greater  than  those  found  in 


Florunner, 


of  diseased 


significantly  lower 
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Defoliation  associated  with  peanut  leafspot  is  a determining 
factor  in  the  amount  of  yield  loss  induced  by  the  diseases  (95).  In 
the  PEPE,  Southern  Runner  and  OF  81206  had  large  amounts  of 
defoliation  occurring  in  canopy  regions  where  low  amounts  of  LLS  were 
observed.  For  example,  when  amounts  of  LLS  in  each  of  the  three 
genotypes  was  U in  a canopy  region  where  a significant  correlation 
between  late  leafspot  severity  and  defoliation  was  found,  defoliation 
for  Florunner,  Southern  Runner,  and  BF  81206  ranged  from  1.4-7.21, 
15.2-28.8Z,  and  6.8-58.8Z,  respectively.  Mean  defoliation  for 
Florunner,  Southern  Runner,  and  OF  81206  when  LLS  equaled  1%  was  3.61, 
21 .6S,  and  34.81,  respectively.  These  data  could  be  construed  to  mean 
that  more  defoliation  occurs  at  lower  leafspot  severities  in  Southern 
Runner  and  OF  81206  than  in  Florunner.  However,  Southern  Runner  and  OF 
81206  had  greater  amounts  of  defoliation  than  did  Florunner  in  the  20- 
day  and  10-day  fungicide  schedules  where  disease  control  occurred, 
indicating  that  faotors  other  than  LLS  induced  defoliation  in  these 
genotypes. 


In  the  bottom  portion  of  the  canopy,  where  late  leafspot 
epidemics  began  and  often  are  most  severe  (77),  a significant  positive 
correlation  occurred  between  LLS  and  defoliation  on  Southern  Runner  on 

significant  LLS-defoliation  correlation  in  the  bottom  canopy  of  OF 
81206.  In  contrast,  defoliation  within  Florunner  was  positively  and 
significantly  correlated  to  LLS  in  the  bottom  canopy  on  four  of  six 
and  top  canopy  regions  this 


correlation  was  significant  with  greater  frequency  on  all  three 
genotypes,  being  significant  two  of  four  tines  for  Florunner  and  three 
of  four  tines  for  Southern  Runner  and  0F  81206  in  the  niddle,  and 
significant  three  of  three  tines  tested  for  all  genotypes  in  the  top 
canopy.  Because  of  the  higher  leaf  areas  present  in  the  top  canopy  of 
the  resistant  genotypes,  the  interception  of  conidia  of  C.  personatum 
aay  have  been  increased  in  Southern  Runner  and  OF  81206  in  this  canopy 
region.  This  interplot  interference  could  have  affected  the  analysis 
of  LLS  and  defoliation  correlations  within  these  genotypes. 

Leaf  area  evaluations  gave  a better  indication  of  the  health  of  a 
canopy  region  than  did  defoliation  assessaents.  Defoliation 


stem  while  LAI  values  took  into  account  ( 
a canopy  region.  Secondary  (lateral)  bra 
n Southern  Runner  and  OF  81206  compared  w 


s they 

related  only  to  the  main 

production  was  greater  o: 

Florunner,  as  noted  by  Pixley  (76). 

The  leaf  area  of  Southern  Runner  and  OF  81206  was  not 
significantly  limited  by  late  leafspot.  The  strong,  negative 
relationship  between  LLS  and  LAI  that  was  expected  did  not  occur 
within  these  genotypes.  This,  in  turn,  prohibits  the  use  of 
defoliation  to  assess  the  effect  of  late  leafspot  on  yield  (95). 
Significant  negative  correlations  did  occur  between  LLS  and  LAI  late 
in  the  epidemic  in  susceptible  Florunner. 

The  lack  of  reliable  defoliation  assessaents  to  estimate 
accurately  the  amounts  of  leaf  are.  loss  because  of  late  leafspot 
prohibits  the  combination  of  LLS  and  defoliation  into  the  variable 
total  disease  (77).  Combination  of  LLS  and  defoliation  at 


assumes  a consistent,  positive,  and  statistically  significant 
relationship  between  the  two  variables,  a trend  not  seen  in  this 


With  genotypes  similar  to  Southern  Runner  and  OF  81206, 
defoliation  assessments  should  not  be  used  to  determine  susceptibility 
or  resistance  to  late  leafepot.  Factors  other  than  LLS  contribute  to 
leaf  abscission  in  Southern  Runner  and  OF  81206.  When  screening 
genotypes  for  resistance  to  late  leafspot,  efforts  should  include 
measuring  the  amount  of  healthy  leaf  area  present  throughout  the 
growing  season.  This  approach  was  successful  in  the  selection  of 
Southern  Runner  and  OF  81206  (D.  W.  Gorbet,  personal  communication). 

Defoliation  assessments  did  not  relate  well  to  yield  in  Southern 
Runner  and  OF  81206,  but  did  in  Florunner.  Increases  in  top  canopy 
defoliation  by  52.5  and  45.9*  did  not  significantly  decrease  yield  in 
the  resistant  genotypes.  In  contrast,  increases  of  top  canopy 
defoliation  at  135  DAP  of  32.1  and  42.1*  resulted  in  significantly 
lower  yields  in  Florunner. 

Southern  Runner  and  OF  81206  maintained  higher  middle,  top,  and 
total  canopy  LAI  than  Florunner  because  of  longer  leaf  retention  and 
greater  production  of  foliage  on  secondary  branches.  Significant 
difference  in  LAI  between  Southern  runner  and  OF  81206  and  Florunner 
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Regardless  of  LLS,  the  most  dramatic  decreases  in  LAI  in  all 
genotypes  and  fungicide  schedules  occurred  between  the  70  and  87  DAP 
assessment  dates,  coincident  with  the  onset  of  pod  development.  This 
trend  was  similar  to  that  reported  by  McCloud  (56).  After  87  DAP,  LAI 
in  Florunner  continued  to  decrease,  while  in  Southern  Runner  and  DF 
81206  LAI  remained  at  the  same  level  throughout  the  remainder  of  the 
growing  season.  The  resistant  genotypes  maintained  a LAI  greater  than 
3.0  after  87  DAP,  which  is  the  minimum  LAI  value  necessary  for  maximum 
light  interception  (10). 

Individual  leaves  emerging  on  Southern  Runner  and  UF  81206  had 
less  PLS  than  Florunner.  As  in  the  analyses  of  variance  of  LLS, 
significant  interactions  occurred  because  fungicide  applications  did 
not  significantly  reduce  MAXDIS  in  Southern  Runner  and  DF  81206,  as 
they  did  in  Florunner.  The  genotype  effect  in  the  statistical 
analyses  was  significant  more  frequently  than  the  effect  from 
fungicide  schedule.  Implications  of  this  result  are  that  the 
resistance  of  Southern  Runner  and  DF  81206  had  more  of  an  effect  on 
reduction  of  peanut  leafspot  on  individual  leaves  than  did  fungicide 
applications. 

Leaves  of  the  resistant  genotypes  abscised  in  response  to  stimuli 
other  than  PLS.  Correlations  between  MAXDIS  and  XMAX  were  significant 
only  on  Florunner  leaves  emerging  86  DAP,  a surprising  result  since 
the  greatest  PLS  assessed  on  individual  leaves  usually  occurred  just 
prior  to  abscission.  Factors  other  than  PLS  that  cause  leaf  abscission 
within  Southern  Runner  and  DF  81206  need  to  be  elucidated. 

Interpretation  of  the  individual  leaf  assessment  data  would  have 
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belonged.  From  the  date  of  emergence  we  can  only  Infer  In  which 
canopy  region  a particular  set  of  tagged  leaves  were  found. 

The  rate  of  reproductive  biomass  accumulation  within  Florunner  is 
greater  than  that  measured  in  Southern  Runner  and  OF  81206,  and  pod 
weights  were  consistently  higher  in  Florunner  than  in  the  resistant 
genotypes.  A larger  portion  of  the  total  biomass  goes  to  pod  weight 
in  Florunner  than  in  Southern  Runner  and  OF  81206.  Therefore, 
Florunner  should  have  a higher  yield  potential  at  early  digging  dates, 
particularly  if  late  leafspot  is  adequately  controlled.  However,  since 
the  LAI  of  Southern  Runner  and  OF  81206  remains  larger  than  Florunner 
for  longer  periods  of  time,  regardless  of  fungicide  application 
schedules,  yield  potential  of  these  genotypes  could  reach  that  of 
Florunner.  In  these  studies,  reproductive  biomass  levels  and  harvest 
index  were  determined  by  the  genotypes'  genetic  constitution  and  not 
by  fungicide  applications.  No  significant  fungicide  schedule  effect 
was  found  in  analyses  of  variance  of  either  MAXDIS  or  JMAX. 

The  optimum  harvest  dates  for  Southern  Runner  and  OF  81206  were 
found  to  be  later  than  those  for  Florunner.  In  Southern  Runner  and  OF 
81206  each  delay  in  digging  date  gave  an  increase  in  the  yield 
regardless  of  the  fungicide  schedule.  In  fact,  the  maximum  yield  for 
any  treatment  in  the  PEPE  occurred  at  the  160  DAP  (29  days  after  the 
last  fungicide  application)  harvest  date  in  the  10-day  schedule 
treatment  of  Southern  Runner.  Further,  the  lack  of  yield  response 
10-  and  20-day  fungicide  schedules  on  Southern  Runner 
possibility  that  commercial  growers  may  need  no  more  than 
■ The  absence  of  a significant 


supports 

five  fungicide  applications  per  season, 
effect  of  fungicide  schedule  on  yield  o: 


IF  81206  at  any  harvest  date 
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again  shows  the  high  degree  of  late  leafspot  resistance  inherent  in 
this  genotype. 

fields  of  both  Southern  Runner  and  OF  81206  were  reduced  by 
higher  inoculuo  levels  in  the  IT,  showing  yield  reduction  in  these 
resistant  genotypes  is  possible  under  extreme  levels  of  inoculum. 
However,  levels  of  inoculum  in  the  IT  from  the  nonsprayed  border 
treatment  exceeded  those  expected  to  occur  in  nearly  all  commercial 
situations. 

If  we  compare  the  genotypes  at  their  respective  optimum  harvest 
dates,  Florunner  had  the  highest  yield  with  a 10-day  spray  schedule, 
demonstrating  that  partitioning  of  higher  amounts  of  available 
photosynthate  to  the  pods  will  result  in  higher  yields  if  late 
leafspot  is  stringently  controlled  with  fungicide  applications. 
However,  the  yields  of  20-day  spray  schedule  treated  Southern  Runner 
and  OF  81206  were  competitive  with  the  yield  of  Florunner  under  the 
same  conditions.  In  the  nonsprayed  treatment,  yields  of  the 
resistant  genotypes  were  far  superior  to  that  of  Florunner.  Even 
under  the  extreme  inoculuo  pressure  in  the  IT,  nonsprayed  Southern 
Runner  and  OF  81206  yields  were  more  than  the  nonsprayed  Florunner 
treatment  in  the  PEPE  (4405,  4006,  and  2868  kg/ha  for  Southern  Runner 
and  OF  81206  in  the  IT,  and  Florunner  in  the  PEPE,  respectively). 
Overall,  the  trends  in  the  yield  data  followed  those  seen  in  the  late 
leafspot  assessment  data. 

Zield  loss  to  dropped  pods  (those  left  in  the  field  after 
combining)  was  not  a significant  factor  at  any  fungicide  schedule  with 
either  Southern  Runner  or  DP  81206,  but  it  was  a factor  at  the  first 
two  harvest  dates  with  Florunner.  Significantly  higher  amounts  of 
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dropped  pods  were  found  in  the  nonsprayed  Florunner  plots  compared  to 
Southern  Runner  and  UF  81206.  As  in  the  yield  data,  trends  in  the 
dropped  pod  data  closely  follow  those  found  in  the  late  leafspot 
severity  data. 

The  level  of  resistance  in  Southern  Runner  is  sufficient  to  give 
peanut  growers  a high  yielding,  late  leafspot  resistant  genotype  that 
will  require  fewer  fungicide  applications  in  commercial  production 
than  cultivars  currently  available.  If  released,  UF  81206  would  do 
the  same.  However,  these  genotypes  will  pose  new  problems  and 
opportunities  for  plant  pathologists,  as  fungicide  applications  to 
improve  yield  on  these  late  leafspot  resistant  genotypes  may  involve 
more  complicated  timing  methods  than  those  currently  in  use.  It  may 
be  profitable  and  feasible  to  use  a predictive  system  to  time 
fungicide  applications  (5,  37,  94)  or  to  use  an  eradicant  fungicide  in 
conjunction  with  these  prediction  systems. 

There  is  a need  for  new  methods  to  assess  the  health  and  size  of 
the  peanut  canopy  as  accurate  leaf  area  accumulation  measurement  is 
now  very  time  consuming  and  would  not  be  practical  in  routine 
experimentation.  These  genotypes  may  begin  a new  era  in  peanut 
production  in  the  United  States  where  an  truly  integrated  approach  to 
late  leafspot  management  will  be  possible. 


CHAPTER  III 

COMPONEHTS  ANALYSIS  EXPERIMENTS 
Introduction 

Investigations  into  the  reactions  of  plants  that  vary  in  their 
resistance  to  disease  have  been  performed  for  decades  within  the 
science  of  plant  pathology.  Since  van  der  Plank  (106)  proposed  that 
there  were  two  general  types  of  resistance,  researchers  have  studied 
horizontal  or  rate-reducing  resistance  utilizing  component-analysis 
experiments  (114).  The  expression  of  rate-reducing  resistance  oould 
result  from  inhibition  of  disease  development  in  any  stage  from 
initial  contact  of  the  infectious  propagule  and  the  host  to  the 
beginning  of  secondary  cycles  of  inoculum  production  on  previously 
infected  plant  tissues.  A single  component  of  resistance  would  be  a 
difference  in  any  one  of  the  stages  of  disease  development  within  the 
monocycle  (114)  between  a resistant  and  a susceptible  plant  genotype. 

Component  analyses  are  used  to  identify  the  components  of 
resistance  within  resistant  genotypes  and  to  measure  the  differences 
in  disease  development  on  diverse  genotypes  after  inoculation  with  a 
pathogen.  Such  experiments  have  been  done  with  genotypes  of  small 
grains  which  retard  the  rate  of  progress  of  rust  or  powdery  mildew 
diseases  (51 , 53>  54,  84,  86).  Parlevliet  (73)  has  reviewed  many 
examples  of  components  of  resistance  in 


various  pathosystems.  Two  of 


late  leafspot  caused  by  Cercospora  araohidicola  Hori  and 
Cercosporidiua  personatua  (Berk.  « Curt.)  Delghton,  respectively. 
Coapenents  of  resistance  to  both  diseases  in  peanut  genotypes  have 
been  investigated  in  the  past  (1,  64,  71,  81,  111),  with  auch  of  the 
recent  research  eaphasis  on  plant  genotypes  resistant  to  early 
leafspot.  An  understanding  of  the  components  of  resistance  present 
in  a particular  genotype  is  important  in  the  management  of  that 
genotype  in  the  field,  and  also  in  breeding  programs  for  improvement 
of  resistance  to  peanut  leafspot.  If  different  peanut  genotypes  are 
shown  to  have  differing  components  of  resistance,  the  different 
components  could  eventually  be  incorporated  into  one  genotype.  A 
combination  of  components  of  resistance  should  result  in  a more 
resistant  plant  genotype. 

The  University  of  Florida  peanut  breeding  program  has  produced 
high-yielding  peanut  genotypes  that  have  been  shown  reduce  to 
significantly  the  rate  of  progress  of  late  leafspot  of  peanut  (76  and 
Section  1).  Several  studies  were  conducted  to  identify  the  components 
of  resistance  inherent  in  Southern  Runner  (UF  80202)  and  UF  81206. 
Disease  development  on  these  genotypes  resistant  to  late  leafspot  was 
compared  with  that  on  Florunner.  Results  of  preliminary  investigations 
into  the  components  of  resistance  within  Southern  Runner  have  been 
previously  reported  (70). 


The  three  genotypes  U3ed  in  the  experiments  each  consisted  of 
three  component  lines  of  similiar  plant  types  selected  from  a 
population  derived  from  one  cross.  For  studies  in  which  individual 
component  lines  of  each  genotype  were  examined,  only  two  of  the  three 

no  differences  in  susceptibility  to  peanut  leafspot  was  found  among 
the  three  lines.  For  Southern  Runner  and  UF  81206,  no  such 
information  was  available  and  all  three  component  lines  of  each  were 
used.  Also,  since  the  selection  method  used  to  identify  resistant 
genotypes  in  the  University  of  Florida  breeding  program  relied  on 
field  evaluations,  all  of  the  component  lineB  of  Southern  Runner  and 
OF  81206  were  included  in  the  components-analysis  experiments. 
Component  Analysis  Experiments 

In  these  experiments,  incubation  period  (the  time  from  inoculation 
until  lesions  became  visible),  latent  period  (the  time  from  inocula- 
tion until  sporulation  began),  lesion  number,  and  sporulation  per  leaf 
and  per  lesion  were  the  components  that  were  measured.  Differences  in 
the  appearance  of  lesions  on  Florunner,  Southern  Runner,  and  OF  81206 

Three  seeds  of  individual  component  lines  of  Florunner,  Southern 
Runner,  and  DF  81206  were  planted  in  1.9  t plastic  pots  containing  an 
artificial  soil  mix  (Metro-Mix  220,  Grace  Corp.,  Lexington,  MA)  to 
which  was  added  15  ml  of  peat-based  Rhlsobium  inoculum  and  0.63  ml  of 
Temik  (aldicarb,  Union  Carbide,  Jacksonville,  FL).  A few  pots  of  the 
late  leafspot  susceptible  cultivar  Early  Bunch  were  planted  on  the 
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sane  date  as  the  other  genotypes.  The  pots  were  watered  daily  and( 

in  Marianna,  FL  from  the  leaves  of  field-grown  plants  of  the  genotype 
Florunner.  Conidial  inoculum  was  produced  on  greenhouse-grown  plants 
(cv.  Early  Bunch),  by  artificially  inoculating  them  24  to  30  days 
prior  to  collection,  and  maintaining  them  in  a mist  chamber  under 
conditions  optimal  for  sporulation.  Conidia  were  collected  from  these 
source  plants  within  24  hr  of  inoculation  of  test  plants.  Conidia 
were  collected  into  test  tubes  containing  10  ml  of  sterile  distilled 
water  by  use  of  a cyclone  spore  collector  attached  to  a vacuum  pump 
set  at  2.54  cm  of  Hg  pressure.  The  suspension  was  stored  in  a 
refrigerator  until  use.  The  conidial  suspension  was  adjusted  to  4400 

Triton  X-100  per  500  ml  of  the  oonidial  suspension  was  added  to  reduce 

applied  to  the  test  plants  with  pressure  from  a Spra-Tool  {Fisher 
Scientific  Products,  Pittsburgh,  PA)  which  dispensed  1 ml  of  the 
suspension  per  second. 


Selected  leaves,  the  second  and  third  leaf  from  the  top  of  the 
mainstem,  and  one  leaf  from  a side  stem,  were  tagged  and  inoculated 
with  a conidial  suspension  of  C.  nersonatun  40  days  after  planting. 
The  selected  leaves  were  sprayed  for  1 sec  with  the  suspension  while 
they  were  held  horizontal  by  taping  the  abaxial  leaf  surface  to  a 
support  made  from  wooden  plant  stakes.  Only  the  adaxial  side  of  the 
selected  leaves  was  sprayed  with  the  conidial  suspension.  After 


inoculation  of  the  target  leaves,  the  remainder  of  each  plant  was 
misted  with  the  conidial  suspension  while  the  selected  leaves  were 
shielded  to  prevent  additional  inoculum  from  reaching  them.  Plant 
surfaces  were  allowed  to  dry  completely  before  the  leaves  were 

a mist  chamber  where  a continuous  leaf  wetness  period  of  43  hour3  was 
maintained.  Twelve  hr  leaf  wetness  periods  were  maintained  from  8 pm 
to  8 am  daily  for  the  remainder  of  the  experiment.  Inoculum  viability 
was  checked  for  each  experiment  by  plating  a sample  of  the  conidial 


suspension  on  water  agar.  The  percentage  of  conidia 
on  the  agar  was  determined  48  hr  after  inooulation. 
The  range  of  temperatures  recorded  within  the  mi£ 


first  components-analysis  experiment  was  13  to  390,  with  the  mean 


minimum  and  maximum  temperatures  being  16  and  35C,  respectively.  The 
plants  in  the  second  experiment  were  inoculated  in  the  same  greenhouse 
mist  chamber  used  in  the  first  experiment.  After  12  days,  the  mist 
chamber  was  moved  outdoors  because  adequate  temperature  control  was 


After  inoculation,  plants  were  examined  at  two  day  intervals  for 
the  appearance  of  lesions.  The  number  of  lesions  and  the  number  of 
sporulating  lesions  on  the  tagged  leaves  were  counted  every  2 days 
until  the  leaves  abscised.  Only  data  from  the  tagged  leaves  were  used 
in  the  analysis  of  lesion  number.  After  the  tagged  leaves  abscised, 
the  percentage  of  the  lesions  on  the  remaining  leaves  which  were 
sporulating  (%  LSP)  was  determined  for  each  inoculated  plant.  The 
occurrence  of  sporulation  on  individual  lesions  was  assessed  under  a 
disseoting  scope  at  10  or  20  X magnification  and  was  scored  as 
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LSP  data  were  regressed  against  days  after  inoculation  (DAI)  to 
calculate  the  tine  when  50"  of  the  lesions  forced  were  sporulating 
(LP50K75).  The  LPj0  is  the  mean  latent  period. 

collections  were  made  using  a cyclone  spore  oollector  as  described 
previously  after  at  least  one  genotype  had  reaohed  its  LPjq.  Conidia 
from  individual  leaves  were  collected  into  test  tubes  containing  5 ml 
of  a IS  copper  sulfate  solution  and  stored  in  the  refrigator.  dumber 

all  of  the  conidia  in  0.1  ml  of  the  suspension  under  the  microscope 
and  multiplying  this  number  by  50  (5  ml  total  sample).  On  the  day 
that  spores  were  collected,  the  number  of  sporulating  lesions  on  each 
sampled  leaf  was  determined.  These  data  were  used  to  calculate  the 
total  number  of  conidia/leaf  and  the  mean  number  of  conidia/lesion. 

Viability  of  conidia  from  late  leafspot  lesions  on  Plorunner, 
Southern  Runner,  and  UF  81206  was  determined  on  40  DAI.  Conidia  were 
collected  from  individual  leaves  into  test  tubes  containing  2.5  ml  of 
sterile  distilled  water.  A 0.1  ml  sample  was  removed  from  each  tube 
and  spread  uniformly  onto  water  agar  in  a petri  dish.  After  removing 
this  0.1  ml  sample,  2.6  ml  of  a 21  copper  sulfate  solution  were  added 
to  the  test  tube.  The  test  tubes  were  stored  in  a refrigerator  until 
conidia  could  be  counted.  The  dishes  of  water  agar  were  placed  in  the 
mist  chamber  in  the  greenhouse  for  48  hr  and  the  percentage  of  oonidia 
whioh  hod  germinated  was  determined  by  counting  those  visible  on  a 
15  mm  diameter  disk  of  agar  removed  from  each  plate.  The  oonidia  and 


132 

gens  tubes  were  stained  with  aniline  blue  in  lactophenol  (0.1  Z)  before 


microscopic  examination. 

Variables  of  interest  were  subjected  to  analysis  of  variance 

statistical  analysis. 

Fungicide  Wash-off  Experiment  (FWO) 

scribed  above  was  conducted  in  the  field  at  the  North  Florida  Re- 
search and  Education  Center  (NFREC)  in  Quincy.  This  test  was  isolated 
from  commerical  and  experimental  peanut  plantings.  Component  lines  of 
Florunner,  Southern  Runner,  and  OF  81206  were  planted  by  hand  in  plots 
consisting  of  four  rows,  0.91  m apart  and  0.3  ■ in  length.  A random- 
ised complete  block  design  with  four  replications  was  used  in  the 
experimental  layout  and  a mixture  of  Southern  Runner  and  OF  81206  was 
planted  around  the  experiment  as  a border.  Standard  herbicide  and 
Rhizobium  inooulant  practices  were  followed.  The  fungicide  Manzate 
200  (mancozeb)  was  applied  at  double  the  labeled  rate  (4.5  kg/ha)  on 
a 14-day  interval  beginning  20  DAP  with  a backpack  sprayer  using  three 
hollow  cone  nozsles  (D2-25)  per  row,  and  3-5  kg/cm^  of  pressure  with 
C0j  as  the  propellant.  The  last  application  of  the  fungicide  was  made 
14  days  before  planned  inoculations  with  (I.  personatum. 

The  fifth,  sixth,  and  seventh  leaves  from  the  top  leaf  on  the 


tagged  leaves  w 
Tagged  leaves  i 


nter  plant  in  the  second  and  third  rows  in  each  plot 
ell  wire  at  72  DAP.  Just  prior  to  inoculation,  all 
e vigorously  rinsed  with  water  from  a garden  hose, 
the  third  row  of  each  plot  were  not  inoculated  and 
idicator  of  the  amount  of  late  leafspot  attributable 


133 


to  sources  other  than  artificial  inoculation.  The  leaves  in  the 
second  row  were  inoculated  73  DAP  with  a suspension  containing  4400 
conidia  of  C.  personatun  per  ml.  Conidia  used  in  the  inoculation  were 
obtained  from  diseased  leaves  of  Florunner  harvested  from  the  field. 
Leaves  were  selected  carefully  and  did  not  display  any  early  leafspot 
symptoms.  They  were  brought  to  the  laboratory  and  incubated  in  petri 
dishes  on  moist  filter  paper  under  continuous  light  for  10  days. 
Conidia  were  collected  by  rinsing  the  adaxial  surfaces  of  the  incubat- 
ed Florunner  leaves  with  water  from  a wash  bottle.  At  the  time  of 
inoculation  of  the  experiment  no  early  or  late  leafspot  symptoms  were 
observed  in  any  of  the  genotypes.  Tagged  leaves  of  ell  three  geno- 
types and  their  component  lines  were  evaluated  every  three  days  to 
ascertain  the  date  of  first  lesion  development,  number  of  lesions 
formed,  coloration  and  general  appearance  of  lesions,  and  the  amount 
of  sporulation. 

Exposure  Experiments 

In  1984,  component  lines  of  Florunner,  Southern  Runner,  and  UF 
81206  were  planted  in  the  greenhouse  as  described  in  the  component- 
analysis  experiments.  Four  different  planting  dates  were  used  to 
establish  four  different  age  groups  of  the  genotype  component  lines. 
Two  weeks  separated  successive  planting  dates,  and  the  plants  were 
kept  in  the  greenhouse,  isolated  from  sources  of  peanut  leafspot 
inoculum  until  the  planned  exposure.  Plants  of  all  four  age  groups 
were  exposed  to  peanut  leafspot  inoculum  on  July  23,  1984  by  placing 
them  for  72  hr  in  border  rows  of  Florunner  to  which  no  fungicide  had 
been  applied  to  control  peanut  leafspot.  The  four  groups  of  plants 
had  been  planted  59,  44,  30,  and  17  days  prior  to  the  exposure.  This 
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experiment  was  repeated,  vith  the  plants  being  placed  in  the  field 
for  24  hr  on  September  7,  1984-  There  were  no  visible  symptoms  of 
peanut  leafspot  on  the  plants  prior  to  their  exposure  to  field  inocu- 
lum in  either  test.  After  the  exposure  period  the  plants  were 

also  rated  for  the  severity  of  both  early  and  late  leafspot,  with  the 
latter  being  the  predominant  disease  in  the  Florunner  plots  where  the 
plants  were  exposed.  The  mean  severities  of  early  and  late  leafspot 
in  the  middle  canopy  of  the  Florunner  plants  at  the  first  and  second 
exposure  dates  were  0.001  and  0.1 , and  0 and  7S,  respectively. 

Weather  conditions  during  the  first  exposure  period  were  excel- 
lent for  the  promotion  of  infeotions  by  C.  arachidicola  and  C.  oerso- 
natum.  with  the  maximum  and  minimum  temperatures  recorded  within  the 
72  hr  period  being  32  and  21C,  respectively.  Rainfall  occurred  within 
each  24  hour  cycle  during  this  72  hour  period  (0.6,  0.2,  and  0.8  cm). 
On  the  second  exposure  date  the  weather  was  not  as  favorable  for 
infection  as  there  was  no  rainfall  recorded  and  dry,  windy  conditions 
prevailed  throughout  the  24  hr  period.  The  maximum  and  minimum 
temperatures  within  this  24  hr  period  were  23  and  15C,  again  not 
optimal  for  infection  (optimal  tenpatures  for  infection  between  23  and 

A sample  of  leaflets  from  each  plant  age  group  showing  visible 
symptoms  of  late  leafspot  was  selected  from  two  component  lines  of 
each  genotype  24  days  after  the  exposure  period  and  placed  on  moist- 
ened filter  paper  in  plastic  petri  dishes  with  the  abaxial  leaf 
surface  facing  up.  Petri  dishes  were  then  sealed  with  Parafilm 
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(American  Can  Company,  Greenwich,  CT)  and  incubated  at  25C  under 
continuoue  light  for  10  days.  At  this  tine  conidia  were  vaouuned  fron 
the  surface  of  each  leaflet  using  previously  described  methods,  and 
lesion  diameters  were  measured.  Measurement  of  lesion  diameter  was 
done  under  a dissecting  scope  at  10  X magnification,  using  a ruler 
marked  with  mo  divisions.  Since  late  leafspot  lesions  on  these  leaf- 
lets were  generally  circular,  the  formula  for  calculating  the  area  of 
a circle  was  used  to  calculate  the  lesion  area  from  which  conidia  were 

Since  plant  age  differed  for  each  of  the  four  groups  of  plants, 
severities  of  early  and  late  leafspot  were  used  to  test  for  effeot  of 
plant  age  on  susceptibility  to  infection.  The  number  of  lesions  on 
the  entire  plant  over  all  planting  dates  was  used  to  compare  the 
component  lines  of  Florunner,  Southern  Runner,  and  UF  81206  for  possi- 
ble reductions  in  lesion  number  in  the  late  leafspot-resistant 
genotypes. 

In  1985  three  groups  of  plants  were  exposed  in  the  field  as 
described  above  for  a period  of  24  hr.  Each  group  of  plants  included 
the  component  lines  of  Florunner,  Southern  Runner,  and  UF  81206,  and 
all  plants  were  35  days  old  at  the  time  of  exposure.  Plants  were 
exposed  on  July  17,  August  22,  and  September  19,  1985.  Data  collected 
in  these  experiments  were  the  mean  number  of  lesions  per  leaflet  on 
leaves  on  the  mainstem. 

Evaluations  of  Lesions  on  Leaves  of  Field-grown  Plants 

Leaves  from  Florunner,  Southern  Runner,  and  UF  81206  were  removed 
from  field  plots  which  had  received  applications  of  chlorothalonil 
(Bravo  500,  Fermenta  Plant  Protection  Company,  Cleveland,  OH)  on  a 
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20-day  interval.  Leaves  that  were  selected  expressed  late  leafspot 
symptoms,  with  less  than  10*  of  the  leaf  area  affected.  Leaves  were 
collected  on  August  31 , 1984  (120  days  after  planting),  and  on  August 
22  and  September  20  in  1985  (10O  and  129  days  after  planting).  Indi- 
vidual leaflets  from  collected  leaves  were  placed  on  moistened  filter 
paper  in  plastic  petri  dishes  with  the  abaxial  leaf  surface  facing 
up.  Petri  dishes  were  then  sealed  with  Parafila  and  incubated  at  25C 
under  continuous  light.  After  10  days,  lesions  on  25  leaflets  of 
Florunner,  Southern  Runner,  and  UF  81206  were  assessed  for  the  amount 
of  sporulation.  In  1984,  lesion  diameters  were  measured  under  the 
dissecting  microscope  and  lesion  area  on  each  leaf  calculated  as 
described  in  the  exposure  experiment.  Before  the  diameter  of  the 
lesion  was  measured,  conidia  were  collected  from  them  as  described 
previously.  In  1985,  a relative  rating  scale  modeled  after  that  of 
Melouk  and  Banks  (60)  was  used  to  assess  the  percentage  of  the  area  of 
each  lesion  supporting  sporulation.  The  soale  consisted  of  the  fol- 
lowing four  classes:  0 = no  sporulation,  1 = 1 to  25*,  2 = 26  to  50X, 
and  3 - > 50*  of  the  lesion's  area  supporting  sporulation.  The 
percentage  of  lesions  on  the  25  leaflets  falling  into  each  class  was 
calculated. 

Size  of  lesions  on  each  collection  date  was  subjected  to  analysis 
of  variance.  In  1984,  lesion  diameter  data  were  used  as  an  indicator 
of  lesion  size.  In  1985,  leaflets  were  evaluated  for  sporulation, 
then  placed  in  a plant  press.  The  leaflet  outline  was  traced  with  red 
ink  onto  clear  transparency  sheets  and  the  lesions  on  that  leaflet 
were  traced  in  black  ink.  The  leaflet  outline  with  the  lesion  trac- 
ings was  then  run  through  a portable  leaf  area  meter  (Li-Cor  Co., 


Lincoln,  NE)  and  the  mean  area  of  the  lesions  on  each  leaflet  was 
calculated  by  dividing  the  total  lesion  area  per  leaflet  by  the  number 
of  lesions  per  leaflet.  Dsing  this  procedure,  a measure  of  lesion 
size  on  field  grown  plants  of  each  genotype  was  obtained. 

Fluorescent  Microscopy.  Leaves  from  the  second  collection  date  in 
1985  were  evaluated  with  the  use  of  a fluorescent  microscope  (52). 
After  collecting  leaves  in  the  field,  a sample  of  leaflets  was  placed 
in  chloroform-methanol  solution  (2:1  v/v)  for  at  least  5 days,  with 
two  to  three  changes  of  the  chloroform-methanol  solution  to  ensure 
removal  of  pigmentation  from  the  leaflets.  Leaflets  were  then  trans- 
ferred to  a lactophenol-ethanol  solution  (1:2,  v/v)  for  storage.  This 
treatment  resulted  in  removal  of  the  pigmentation  from  the  healthy 
leaf  tissue,  leaving  the  late  leafspot  lesions  still  visible  as  brown 
areas  on  the  cleared  leaflets.  Leaves  were  prepared  for  viewing  under 
the  microscope  by  rinsing  them  in  502  ethanol,  soaking  them  in  water 
and  then  in  0.1  H Tris/HCL  buffer  (pH  7.4).  Leaflets  were  left  in  each 
solution  for  10  minutes.  Lastly,  leaflets  were  placed  in  a 0.1Z  Tino- 
pal  Tris/HCL  solution  (52)  for  10  min.  Each  leaflet  was  rinsed  in 
water,  cut  in  half  (along  the  midrib)  and  mounted  in  lactophenol  on  a 
glass  slide,  covered  with  a cover  slip  and  viewed  under  the  micro- 
saope.  This  technique  allowed  the  clear  observation  of  tufts  of 
conidiophores  on  lesions  via  fluorescent  microscopy. 

The  abaxial  surface  of  twenty-five  leaflets  of  each  genotype  were 
viewed  under  the  fluorescent  microscope.  The  number  of  lesions,  le- 
sions with  conidiophore  tufts,  and  conidiophore  tufts  were  counted  on 
each  leaflet.  When  sufficent  conidiophore  tufts  were  present,  the 
diameters  of  10  of  them  were  measured  and,  since  they  were  circular, 
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the  mean  area  of  each  conidiophore  tuft  uas  calculated  using  the 
formula  for  the  area  of  a circle.  Dianeters  of  the  conidiophore  tufts 

anount  of  sporulating  area/leaflet  was  calculated  by  oultiplying  the 
mean  area  of  a conidiophore  tuft  by  the  total  number  of  conidiophore 
tufts  on  each  leaflet.  Sporulating  area/sporulating  lesion  was  calcu- 
lated as  the  product  of  the  nean  area  of  a conidiophore  tuft  and  the 
nean  number  of  conidiophore  tufts  found  on  each  sporulating  lesion. 
This  method  provided  a precise  measurement  of  the  potential  sporulat- 
ing area  on  leaflets  of  the  three  genotypes. 


In  all  experiments,  no  significant  differences  in  the  component 
lines  of  Florunner,  Southern  Runner,  and  OF  81206  occurred.  There 
were  some  cases  in  whloh  there  were  consistent  but  statistically 
nonsignificant  differences  within  the  component  lines  of  Southern 
Runner  and  OF  81206.  These  trends  will  be  pointed  out  in  the  appro- 
priate following  sections. 

Germination  on  water  agar  of  conidia  used  in  the  components 
analysis  experiments  was  greater  than  90*  for  both  experiments.  Dse 

high  degree  of  virulence. 

Components  Analysis  Experiments 

There  were  no  differences  among  genotypes  in  the  incubation  period 
in  either  of  those  experiments;  lesions  began  to  appear  10  to  12  DAI 
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on  all  component  lines  of  Florunner,  Southern  Runner,  and  UF  81206- 
Differences  among  genotypes  in  lesion  color  on  the  abaxial  leaf 
surface  were  noted  Initially.  The  majority  of  lesions  formed  on  OF 
81206  were  brown  while  those  on  Florunner  were  black  (Table  28  and 
29).  Soon  after  lesions  began  to  appear  (12  to  16  DAI),  the  predomin- 
ant lesion  color  on  Southern  Runner  was  brown  as  well.  The  brown 
lesions  on  Southern  Runner  and  UF  81206  were  typical  of  lesions  re- 
sulting from  infections  of  C.  arachldicola,  but  at  no  time  during 
these  experiments  were  any  plants  exposed  to  inoculum  of  this  patho- 
gen. Over  time,  some  brown  lesions  on  all  genotypes  began  to  turn 
black  (Tables  28  and  29)  and,  regardless  of  color,  the  lesions  on 
Southern  Runner  and  OF  81206  were  smaller  than  those  on  Florunner. 
Early  Bunch  had  larger  lesions  than  Florunner  but  was  not  analysed 

Differences  in  the  numbers  of  brown  and  black  lesions  on  the 
three  genotypes  were  statistically  significant.  However,  no  signifi- 
cant differences  were  observed  among  the  component  lines  or  genotypes 
for  the  number  of  total  lesions  (Table  28  and  29).  However,  there  was 
a tendency  for  component  line  2 of  both  Southern  Runner  and  OF  81206 
to  have  more  lesions  per  leaflet  than  the  other  component  lines  within 
the  respective  genotypes. 

Only  the  lesion  counts  for  the  low  inoculum  level  (450  conid- 
ia/ml)  are  listed  in  Table  29.  The  data  for  the  high  inoculum  level 
(4500)  were  similar.  The  higher  inoculum  level  resulted  in  more  rapid 
defoliation  of  the  tagged  leaves,  with  Southern  Runner  defoliating 
more  rapidly  than  Florunner  and  OF  81206.  The  use  of  the  lower 


8.3 


I 


1 


142 


inoculum  concentration  allowed  for  longer  study  of  the  reaction  in  the 
component  lines  of  the  genotypes. 

Latent  period  (time  from  inoculation  until  50%  of  lesions  sporu- 
lating,  LP5Q)  was  longer  on  the  late  leaf  spot-resistant  genotypes 
Southern  Runner  and  UF  81206  than  on  Florunner  (Figure  47).  When 
nontransformed  and  probit  transformed  (85)  data  were  regressed 
against  DAI,  the  LPjq  for  Florunner  was  found  to  be  shorter  than  that 
for  Southern  Runner  in  both  experiments  (Tables  30,  31  and  32).  The 
* LSP  for  component  lines  of  UF  81206  never  exceeded  10*,  and  6porula- 
tion  was  seldom  observed  on  many  of  the  lesions  on  this  genotype.  As 
a result,  an  LP^q  value  could  not  be  determined  for  the  component 
lines  of  OF  81206,  even  though  the  observations  were  carried  on  for 
more  than  50  DAI. 

In  the  second  component-analysis  experiment  (Table  32),  latent 


period  in  both  Florunner  and  Southern  Runner  was  lengthened  with  the 
lower  inoculum  concentration,  but  because  of  rapid  defoliation  at  the 

values  for  Southern  Runner  in  this  experiment  were  longer  than  those 
found  in  the  first  components  analysis  experiment.  The  coefficBnt  of 
determination  (r^)  for  Southern  Runner  for  the  regression  of  S LSP  on 


DAI  was  lower  in  the  second  components  analysis  experiment,  and  this 


poor  fit  may  have  had  an  effect  on  the  calculation  of  a longer  LPjq  in 


the  second  experiment  than  in  the  first. 

Numbers  of  conidia  collected  from 
genotype  after  Florunner  had  reached 
produced  on  Southern  Runner  and  UF  81206 


e leafspot  lesions  on  e 


analysis  experiment  #1,  Figure  43  and  49).  Even  after 
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was  reached  for  Southern  Runner  there  were  fewer  sporea/leeion  pro- 
duced on  this  genotype  than  on  Florunner.  On  only  one  collection  date 
(40  DAI)  was  there  more  sporulation  present  on  Southern  Runner  than 
Florunner,  and  the  difference  was  slight  (Figure  49).  Because  of  the 
minimal  sporulation  on  lesions  on  OF  81206,  conidia  were  not  vacuumed 
as  frequently  as  on  the  other  genotypes.  Sporulation  on  OF  81206  was 
much  less  when  compared  to  Southern  Runner  and  Florunner. 

No  differences  were  observed  in  germination  of  oonidia  from 
lesions  on  Southern  Runner  and  Florunner  (40  DAI  collection  date). 
The  mean  germination  percentage  for  conidia  from  lesions  on  Southern 
Runner  component  lines  was  94.2%,  while  the  germination  for  conidia 
from  Florunner  lesions  was  91.3%. 

Fungicide  Wash-off  Experiment  (FWO) 

Data  from  this  field  experiment  agreed  with  those  from  components 
analysis  experiments  done  in  the  greenhouse.  There  were  differences 
in  the  lesion  coloration  on  the  abaxial  leaf  surface,  again,  with  most 
lesions  on  DF  81206  being  brown  while  those  on  Southern  Runner  and 
Florunner  were  generally  black  (Table  33).  Also,  as  in  the  component 
analysis  experiments  in  the  greenhouse,  lesions  on  Southern  Runner  and 
UF  81206  were  smaller,  regardless  of  their  coloration  on  the  abaxial 
leaf  surface.  One  host  reaction  observed  here,  but  not  in  greenhouse 
experiments,  was  the  formation  of  lesions  that  were  black  in  the 
center  with  a brown  margin  on  the  abaxial  leaf  surface.  This  unique 
lesion  type  was  found  frequently  on  Southern  Runner  component  lines, 
and  when  these  lesions  were  incubated  to  induce  sporulation,  the  black 

lesions  were  identified  to  be  those  of  C.  oersonatum.  No  lesions 
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were  found  on  the  tagged  leaves  in  the  rows  left  noninoculated,  indi- 
cating that  the  late  leafspot  lesions  on  inoculated  leaves  resulted 
from  artificial  inoculation. 

Significant  effects  for  conponent  line  on  the  total  number  of 
lesions  per  leaf  were  identified  by  analysis  of  variance  in  data 
collected  11  and  17  DAI.  No  significant  differences  were  noted  among 
the  genotype  component  line  means  (Newman-Keuls  mean  separation, 
p=0.Q5  level  of  significance).  At  all  assessment  dates  in  the  1984 
FWO  experiment,  the  total  number  of  lesions/leaf  resulting  from  inocu- 
lations was  always  higher  on  Florunner  than  on  Southern  Runner  and  UF 
81206,  although  not  significantly  so.  The  collection  of  conidia  from 
leaves  in  the  FWO  experiment  showed  similar  trends  as  those  indenti- 

Exposure  Experiments 

The  total  number  of  lesions  per  plant  in  any  exposure  experiment 
was  not  different  for  these  genotypes  (Tables  34  and  35).  Since 
these  plants  were  exposed  to  both  early  and  late  leafspot  inoculum,  it 
cannot  be  stated  unequivocally  that  the  brown  lesion  reaction  on 
Southern  Runner  and  DF  81 206  was  formed  as  a result  of  infection  by 
late  leafspot,  particularly  when  equivalent  numbers  of  brown  lesions 
were  found  on  Florunner  15  days  after  exposure  (Table  34).  However, 
in  1985  when  exposed  plants  were  all  the  same  age  (Table  35),  brown 
lesions  on  the  Southern  Runner  and  UF  81206  component  lines  turned 
black  with  time.  Mean  percentages  of  brown  lesions  on  Southern  Runner 
and  UF  81206  component  lines  at  12,  15,  and  26  days  after  exposure 
were  52.2,  11.3,  and  2.7Z,  and  81.4,  76.5  and  10.6Z,  respectively.  A 


majority  of  the  inoculum  was  C.  personatuc  that  reached  these  plants 
when  exposed.  There  were  no  significant  differences  in  the  number  of 
conidia/lesion  or  in  number  of  conidia/mm2  of  lesion  for  the  different 
component  lines  within  a genotype  when  the  lines  were  exposed  to 
natural  inoculum  in  the  field. 

Sporulation  on  a per  lesion  and  per  lesion  area  (mm2)  basis  on 
Florunner  was  significantly  higher  than  that  on  Southern  Runner  and  OF 
81206  (Figure  51).  Only  sporulating  lesions  were  counted  in  the 
collection  of  these  data. 

Effects  of  plant  age  were  not  definitive.  The  youngest  set  of 
plants  (17  DAP)  were  found  to  have  significantly  lower  disease  severi- 
ties for  all  the  genotype  component  lines  for  the  first  exposure  date 
in  1984-  In  the  second  exposure  experiment,  the  youngest  plants  of 
all  genotypes  had  significantly  higher  disease  severities  when  com- 
pared to  the  other  age  groups. 

Evaluation  of  Leaves  Collected  from  Field  Plots 

In  counts  of  150  suspensions  of  conidia  from  lesions  on  field- 
produced  leaves,  sporulation  was  higher  on  Florunner  than  Southern 
Runner  and  DF  81206  (Figure  52).  Sporulation  per  lesion  on  UF  81206 
was  significantly  lower  than  on  the  other  two  genotypes,  but  no  sig- 
nificant genotype  effect  was  found  for  the  number  of  spores  per  lesion 

Figures  53  and  54  illustrate  relative  differences  in  sporulation 
on  the  three  genotypes  with  a sporulation  scale.  At  100  DAP,  the 
majority  of  the  lesions  on  Florunner  were  in  class  2,  with  66X  of  the 
lesions  in  classes  2 and  3 (Figure  53).  Lesions  on  Southern  Runner 
, as  52%  of  the 


supporting  sporulation, 
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surveyed  were  In  class  1 and  76*  In  classes  1 and  2.  Ho  lesion  on  OF 


By  129  DAP,  there  was  a decline  in  sporulation  on  Florunner 
lesions.  Greater  numbers  of  lesions  on  Southern  Runner  were  in  class 
1 by  this  time,  with  a corresponding  decline  in  the  number  of  lesions 


in  class  0 {Figure  54)-  Ho  differences  were  noted  in  sporulation  of 
lesions  on  UF  81206  between  the  first  and  second  collection  dates. 

The  size  of  lesions  on  Florunner  was  significantly  greater  than 
that  of  lesions  on  Southern  Runner  and  UF  81206,  and  lesions  on  South- 
ern Runner  were  significantly  larger  than  those  on  UF  81206  (Figure 
55).  This  was  true  regardless  of  the  method  used  to  measure  lesion 
size.  On  the  1985  collection  dates,  lesions  on  all  the  genotypes 


Fluorescent  microscopy.  The  genotype  UF  81206  had  significantly  fewer 
lesions  with  conidiophore  tufts  (stromata)  than  Florunner  and  Southern 
Runner  when  viewed  with  fluorescent  microscopy  (Figure  56).  This 
reduction  in  stromata  follows  a trend  identified  when  individual  late 
leafspot  lesions  were  assigned  to  classes  based  on  the  area  of  the 
lesion  supporting  sporulation  (86,  77,and  19*  and  95,  88,  and  12*  of 
late  leafspot  lesions  were  sporulating  on  Florunner,  Southern  Runner, 
and  UF  81206  at  100  and  129  DAP,  respectively).  Further,  there  was  a 
significant  decrease  in  the  diameter  of  the  conidiophore  tufts  on  late 
leafspot  lesions  on  Southern  Runner  when  compared  with  Florunner.  UF 
81206  was  not  included  in  this  statistical  analysis  because  extremely 
low  numbers  of  conidiophore  tufts  were  found  on  the  leaflets  examined, 
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but  the  oean  diameter  of  the  conidiophore  tufts  was  found  to  be  ouch 

lesion  was  significantly  less  on  Southern  Runner  and  OF  81206  than  on 
Florunner  (Figure  57).  The  reduction  in  sporulation  area  follows 
trends  first  identified  with  sporulation  counts  done  for  component- 


Discussion 

In  all  field  and  greenhouse  experiments  there  were  no  differences 
in  the  total  number  of  lesions  formed  on  Florunner,  Southern  Runner, 
and  UF  81206.  There  was  a difference,  particularly  for  OF  81206,  in 
the  lesion  coloration  when  these  genotypes  were  inoculated  with 
C.  personatum.  Since  reduction  in  lesion  number  is  not  a component  of 
resistance  present  in  Southern  Runner  and  UF  81206  it  is  reasonable  to 
assume  that  the  resistance  in  these  genotypes  begins  to  be  manifested 
after  penetration  of  the  fungus  into  the  plant.  Therefore,  the 
reduction  of  penetration  sites  through  fewer  stomata  (13,  28)  or  an 
inhibition  of  spore  germination  on  the  leaf  surface  would  not  be 
expected  to  occur  in  Southern  Runner  and  UF  81206  if  compared  to 
Florunner. 

Leaves  on  the  resistant  genotypes  abscised  more  rapidly  than  the 
leaves  of  Florunner.  This  tendency  was  greater  at  higher  inoculum 
levelB  and  greater  in  Southern  Runner  than  in  UF  81206.  Reasons  for 
this  response  merit  further  investigation,  but  large  amounts  of 
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defoliation  in  the  late  leafspot  resistant  genotypes  were  shown  to 
have  no  significant  effect  on  yield  (Chapter  II,  PEPE). 

The  difference  in  lesion  coloration  will  pose  problens  for  field 
research  with  Southern  Runner  and  UP  81206  particularly  in  areas  where 
early  leafspot  is  the  predominant  foliar  disease.  Lesions  that  may 
appear  to  be  from  infections  of  C.  araohidicola  nay  indeed  be  lesions 
from  infections  of  C.  oersonatum.  There  are  no  conclusive  data 
available  on  the  susceptiblity  or  resistance  of  Southern  Runner  and  UP 
81206  to  early  leafspot.  The  inability  to  distinguish  between  the  two 
diseases  in  the  field  may  lead  to  false  reports  that  the  resistance  in 
Southern  Runner  and  OF  81206  may  have  been  affected  by  an  increase  in 
the  parasitic  fitness  of  populations  of  0.  per3onatum  (26,  31,  32) 
that  infect  these  genotypes.  Such  a report  may  in  fact  be  the  result 
of  an  epidemic  of  early  leafspot  taking  advantage  of  a niche  vacated 
by  C.  personatum  due  to  the  resistance  to  late  leafspot  in  Southern 
Runner  and  UP  81206. 

Since  lesion  number  reduction  is  not  a factor  in  the  late 
leafspot  resistance  of  Southern  Runner  and  OF  81206,  any  crop 
management  practice  that  reduces  the  amount  of  initial  inoculum  should 
enhance  the  performance  of  Southern  Runner  and  UP  81206  in  reducing 
subsequent  late  leafspot  severity  (6,  43).  When  these  genotypes  are 
not  treated  with  a fungicide  to  control  late  leafspot,  high  levels  of 
inoculum  will  increase  the  severity  of  late  leafspot  and  decrease  the 
yield  of  both  Southern  Runner  and  UP  81206  (Chapter  II,  IT). 

Lesions  of  late  leafspot  on  Southern  Runner  and  UF  81206  were 
significantly  smaller  than  those  found  on  Florunner.  Lesion  areas 
were  measured  made  on  leaves  collected  in  the  field  in  1985  at  both 


the  collection  dates  (100  and  129  DAP).  It  vould  take  21  more 
lesions  on  Southern  Runner  to  equal  the  diseased  area  of  ten  late 
leafspot  lesions  on  Florunner.  This  comparison  is  aoro  impressive 
with  UF  81206.  as  40  late  leafspot  lesions  on  this  genotype  produce 
diseased  area  equal  to  that  of  only  ten  late  leafspot  lesions  on 
Florunner.  Late  leafspot  lesions  increase  in  area  later  in  the 
growing  season  on  all  three  genotypes,  but  the  differences  in  lesion 
sise  between  Florunner  and  the  other  two  genotypes  increased  between 
100  and  129  DAP.  The  ratio  of  FlorunnenSouthern  Runner  lesion  areas 
was  1.84  and  3*89  at  100  and  129  DAP,  respectively.  PlorunnersDF 
81206  lesion  area  ratios  were  2.29  and  4.14  at  100  DAP  and  129  DAP, 
respectively.  The  reduced  sise  of  late  leafspot  lesions  on  Southern 
Runner  and  UF  81206  decreases  the  late  leafspot  severity  seen  on  these 
genotypes. 

Along  with  a reduction  of  lesion  sise  in  Southern  Runner  and  DF 
81206,  a lengthening  of  the  latent  period  (LP50)  was  also  seen  for 
these  two  genotypes  when  compared  to  Florunner.  A lengthening  of  the 
latent  period  has  been  shown  to  be  the  most  important  factor  in 
retarding  disease  progress  in  other  plant-pathogen  interactions  (6, 
74).  The  percentage  of  lesions  sporulating  on  UF  81206  was  too  small 
to  allow  estimation  or  measurement  of  an  LPj0  value  for  this  genotype. 
Using  the  assumptions  that  (i)  a peanut  crop  would  be  harvested  140 
DAP,  (ii)  that  the  first  monocycle  of  a late  leafspot  epidemic  in  the 
field  began  30  days  after  the  planting  of  the  peanut  crop,  (iii)  that 
a monocycle  (114)  consisted  of  the  number  of  days  it  took  a cohort  of 
lesions  to  reach  a LPj0  value,  and  (iv)  that  one  used  the  lowest  LP50 
estimates  for  Florunner  and  Southern  Runner  found  in  the  component 


analysis  experiments,  the  maximum  number  of  monocycles  in  Florunner 
would  be  4*8.  With  the  same  assumptions,  the  maximum  number  of 
monocycles  in  Southern  Runner  would  be  3.4,  a reduction  of  1.4  cycles 


ten  compared  to  Florunner.  If 


largest  LFjq  estimates 
r Florunner  and  Southern 
the  maximum  number  of  monocycles  for 
.4,  respectively.  It  is  clear  that 
Southern  Runner  and  OF  81206  adds  to 


f progress  of  late 


the  ability  of  these  genotypes  to  slow 

Accompanying  the  delay  in  sporulation  found  in  Southern  Runner 
and  OF  81206  was  a reduction  in  the  amount  of  sporulation  on  a per 
leaflet  and  per  lesion  basis  compared  to  Florunner.  When  sporulation 
was  followed  over  time,  the  amount  of  sporulation  (conidia/lesion)  in 
component  lines  of  Southern  Runner  surpassed  that  of  Florunner  on  only 
one  of  four  collection  dates.  The  cumulative  number  of  spores 
produced  on  a per  lesion  basis  on  Florunner  and  Southern  Runner  was 
1183  and  741,  respectively  (collected  over  a period  of  18  days). 
Sporulation  on  late  leafspot  lesions  on  OF  81206  was  reduced  even 
more.  The  magnitude  of  the  difference  in  sporulation  between  the  late 
leafspot  resistant  genotypes  and  Florunner  is  such  that,  in  field 
studies  including  these  genotypes,  autoinfection  (114)  in  the  Southern 
Runner  and  UF  81206  plots  would  probably  be  limited.  Because  of  the 
possibility  of  larger  amounts  of  alloinfection  (oryptic  error)  (114) 
it  is  possible  that  the  levels  of  late  leafspot  resistance  seen  in 
Southern  Runner  and  OF  81206  in  the  field  have  been  underestimated. 
When  these  genotypes  are  grown  commerically  in  large  fields  away  from 


other  sources  of  inoculum,  the  number  of  fungicide  applications  needed 
to  acheive  acceptable  control  of  late  leafspot  may  be  below  that 
estimated  from  small  plot  experiments  which  include  late  leafspot 
susceptible  cultivars  such  as  Florunner. 


Another  useful  method  used  to  elucidate  components  of  resistance 
was  the  evaluation  of  lesions  through  the  use  of  fluorescent 
microscopy.  Although  no  sectioning  of  leaf  tissue  wa3  done  in  this 
study,  the  method  used  allowed  distinction  of  fungal  and  plant  tissues 
within  the  peanut  leaf.  Conidia  of  C.  oersonatum  and  their  germ  tubes 
could  be  discerned  on  individual  conidiophore  tufts  and  the  leaf 
surface.  Another  desirable  aspect  of  this  method  is  the  ability  to 
store  leaves  harvested  from  the  field  for  long  periods  of  time  until  a 


suming  than  the  counting  of  conidia  vacuumed  from  lesions  and  the  data 
derived  using  this  method  were  more  consistent  than  data  from  the 


other  methods  of  essessing  sporulation.  The  use  of  fluorescent  micro- 
scopy along  with  the  rating  scale  for  the  S of  the  area  of  the  lesion 
supporting  sporulation  would  be  an  accurate  and  powerful  tool  for  the 
identification  of  genotypes  of  peanut  that  inhibit  sporulation  of  C. 
persona  turn.  The  main  drawback  of  fluorescent  microscopy  is  the  time 


required  for  viewing  the  lesions.  In  oontrast,  the  rating  scale  has 
speed  as  one  of  its  strong  points.  Because  the  use  of  the  rating 
scale  is  not  very  time  consuming,  a researcher  could  use  it  to  review 
a large  number  of  genotypes  or  treatments.  Also,  since  the  rating 


enhancement 


ates  on  lower  amounts  of  lesion  area  supporting  sporula- 
he  ratings  should  identify  plant  typos  desirable  for  the 
late  leafspot  resistance. 


study, intact  plants 


Throughout  this 


were  used,  instead  of  de- 


experiments  involving  peanut  leafspot  (81,  111).  The  fact  that  more 
rapid  leaf  abscission  occurs  with  Southern  Runner  and  UP  81206  when 
they  are  infected  with  C.  personatum  precludes  the  effective  use  of  a 
detached  leaf  technique  to  study  these  genotypes.  Components  analysis 
experiments  conducted  with  slow-rusting  oat  genotypes  and  crown  rust 
show  that  greenhouse  and  growth  chamber  environments  alter  the  resist- 
ance seen  in  these  genotypes  in  the  field  (54).  A similar  problem  has 
occurred  in  the  study  of  the  components  of  resistance  in  peanuts,  as 
Walls  et.  al  (111)  has  demonstrated  that  detached  leaflets  perform 
differently  than  intact  plants  in  the  field.  Reactions  of  Southern 
Runner  and  OF  81206  to  C.  personatum  were  consistent  in  both  greehouse 
and  field  experiments;  therefore,  procedures  utilised  in  all  experi- 
ments were  appropriate  for  study  of  the  components  of  resistance  in 
Southern  Runner  and  OF  81206. 

The  resistance  in  Southern  Runner  and  OF  81206  is  manifested  in 
effects  on  sporulation  and  in  limiting  the  site  of  lesions  resulting 
from  infections  by  C.  personatum.  The  resistance  in  these  genotypes 
could  perhaps  be  enhanced  by  hybridisation  with  late  leafspot 
resistant  Arachidls  genotypes  that  exert  their  main  effect  through  the 
reduction  of  lesion  number.  However,  even  without  further 
hybridization,  availability  of  these  genotypes  to  plant  breeders  and 
growers  may  begin  a new  era  of  research  and  production  in  peanuts  in 
which  the  use  of  resistance  will  be  a major  disease  management  tool. 


CHAPTER  IV 
SUMMARY 


The  resistance  inherent  in  Southern  Runner  and  UF  81206  was 
demonstrated  to  be  rate-reducing  in  nautre  due  to  the  decreased  lesion 
size,  reduced  sporulation,  and  a lengthened  latent  period.  In 
assessing  these  components,  no  difference  was  found  between  tests  done 
on  intact  plants  grown  in  the  field  and  in  the  greenhouse.  Since 

leaf spot  in  either  Southern  Runner  or  UF  81206,  the  resistance  in 
these  genotypes  should  be  enhanced  by  hybridization  with  genotypes 


found  to  reduce  lesion  numbers. 

When  conducting  a screening  program  where  components  of 
resistance  are  used  to  differentiate  peanut  genopyes,  more  attention 

should  be  paid  to  early  and  late  leafspot  severity  ratings  (X  of 
chlorsis  and  necrosis).  Disease  severity  assessments  would  be  the 
better  assessment  technique  when  evaluationg  populations  similiar  to 
Southern  Runner  and  UF  81206  since  these  genotypeB  affect  primarily 
lesion  size  and  not  lesion  number.  In  the  selection  phase  of  a 
breeding  program,  it  may  be  advantageous  to  assess  disease  severity  in 
the  top  canopy  region  since  this  is  the  part  of  the  crop  that  receives 
the  majority  of  the  solar  radiation  later  in  the  growing  season  (10, 
39). 


Assessment  of  the  defoliation  in  populations  of  peanut  genotypes 

indicator  of  resistance  or  susceptibility  to  peanut  leafspot.  There 
is  some  effect  of  peanut  leafspot  on  defoliation  but  the  lack  of  a 
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significant  correlation  between  late  leafspot  severity  and  leaf  area 
index  in  Southern  Runner  and  OF  81206  casts  doubt  that  within  these 
genotypes  the  primary  instigator  of  defoliation  is  late  leafspot. 
This  relationship  between  late  leafspot  severity  and  defoliation  oer- 
its  further  research  but  the  research  should  be  concentrated  on  the 
aaount  of  healthy  leaf  area  remaining  in  the  plant  canopy. 

The  main  challenge  for  plant  pathologists  and  peanut  growers  in 


the  integration  of  disease  and  crop  management  techniques  with  the 
late  leafspot  resistance  in  these  genotypes.  Research  on  the  most 
efficent  use  of  fungicides  to  control  late  leafspot,  the  reaction  of 
the  genotypes  to  early  leafspot,  and  methods  to  preserve  the 
effectiveness  of  the  late  leafspot  resistance  in  Southern  Runner  and 
DF  81206  once  these  genotypes  reach  the  commerical  situation  should  be 
top  priorities.  The  release  of  high  yielding  and  leafspot-resistant 
peanut  genotypes  may  complicate  the  decision-making  process  of  the 
peanut  grower  in  the  southeastern  United  States  but  this  complication 
should  also  result  in  lower  production  costs  and,  perhapB,  higher 
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ASSESSING  EARLY  AND  LATE  LEAFSPOT 


173 


174 


175 


rs.S's, 


in  Arachia  spp.  Peanut  Sci.  1:6-11. 

it.  A.,  El- 
~ 


Alabi , R.  0.,  and  Naqvi,  S.  H.  Z.  1977.  Production  of 

££?$£•  Sr  '£?> SSSS.*  s=  *“““*■ 


,“.shs  r“‘“  *• 


“"i,* wg^J 


54.  Luke,  H.  H.,  P: 


Neundorfer,  R.  1983.  Evaluation  of  Arachis  hypogaea  genotypes 
for  tolerance  to  Cercosnoridium  personatun  under  varying  disease 
management  strategies.  M.  S.  Thesis,  Univ.  of  Georgia,  33  pp. 

Hevill,  D.  J.  1981.  Components 
Appl.  Biol.  99:77-86. 


Parlevliet,  J.  E.  1979-  Components  of  resistance  that  reduce 
the  rate  of  epidemic  development.  Ann.  Rev.  Phytopathol. 


Parlevliet,  J.  E.,  and  Zadoks,  . 
concept  of  disease  resistance;  a r 
and  vertical  resistance  in  plants. 


Phytopathology  64:385-388. 


. C.  1977.  The  integrated 
jw  view  including  horizontal 
Euphytica  26:5-21. 


Pixley,  K.  V.  1985.  Physiological  and  epidemiological 
characteristics  of  leafspot  resistance  in  four  peanut  genotypes. 
M.  S.  Thesis,  Univ.  of  Florida,  Gainesville,  138  pp. 


n tikka  disease  o. 


leafspot  (Cercospora  arachidlcola.  Ceroosooridium  nersonatum). 
peanut  yield,  and  initial  spray  deposition.  M.  S.  Thesis,  Univ.  of 
Florida,  Gainesville,  86  pp. 


81.  Ricker,  M.  D.,  Beute,  M.  K.,  and  Campbell,  C.  L.  1985. 
Components  of  resistance  in  oeanut  to  Cercospora  arachldicola. 
Plant  Disease  69:1059-1064. 


SA'csfsarss: 


BIOGRAPHICAL  SKETCH 


Gregory  R.  Watson  was  born  in  Jefferson,  NC,  on  May  28,  1958.  He 
lived  in  Purlear,  NC,  for  18  years,  graduating  from  West  Wilkes  High 
School  in  1976.  He  attended  Greensboro  College,  Greensboro,  NC,  where 

1980,  receiving  the  Biology  Award  previous  to  graduation.  Greg 
received  a Master  of  Science  in  plant  pathology  free  The  Pennsylvania 
State  University  in  1982.  While  at  Penn  State,  Greg  worked  with  snail 
grains  at  the  Center  for  Cereals  Research.  He  began  work  on  a Ph.  D. 
in  plant  pathology  at  the  University  of  Florida  in  1983  with  a concen- 
tration in  epidemiology  and  disease  resistance. 

Greg  is  married  to  Dr.  Eileen  King-Watson  and  now  resides  in  Vero 
Beach,  FL,  where  he  is  employed  by  CIBA-GEIGY  Corporation. 


185 


This  dissertation  ui 
of  Agriculture  and  1 
fulfillment  of  t 
Philosophy. 

is  submitted  to  the  Graduate  Faculty  of  the  College 
;o  the  Graduate  School  and  was  accepted  as  partial 
he  requirements  for  the  degree  of  Doctor  of 

Hay  1987 

Dean,  Crfllege  of  Agriculture 

Graduate  School 


